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1. INTRODUCTION.

Airplanes were built long before the formulas of physiw applying b contrivances heatier
than air were known. New methods, not adopted by and urdmown to other technical lines,
were folIowed. The first inventors of airplanes thought it advisable to select materials that
would b,est conform to the characteristics of birds’ wings. Feathers, bamboo rode, Specifly

suitable and carefully sekcted timbers, high-grade steel, aluminum, and other meiwds-wereused.
They were either connected to each other with glue, wire solder, or by welding, etc. The struc-
ture thus obtained vrastested and tdtered untiI a satisfactory result was secured.

As the ii.rstdesigpers lacked the necessary technical training in hand@ the new problems,
errors and consequent failures were inevitable. This status changed, however, as soon as tech-
nically trained men, knowing from experience the importance of ~o=tial and methodical devel-
opment, took up the new Iine and applied their Jmowledge to the desigg of airplanes.

But there did not exist basic rules for dekmining the strength of airphmes, and they had to
use, therefore, methods in calculations which vrould give results that would put the structure at
least on the safe side.

For this reason the strength of the airplane was, in the beginnin~ either just sufhient or
exceedingly high, dependirqg upon the designer’s intuition or his careful mathematical calcu-
lations.

This pioneer era in aircraft lasted in Germany until 1912. In that year the national a~-
craft appropriation (nationale FIuggpende) supported by the general enthusiasm of the people,
offered valuable priz~ for retard flights of every description. COnt@.S were arrmged, and &e
results achieved far exceeded those ever before knowR or expected. In the same”year the Ger-
man military government for the il.rsttime placed larger orders for airplanes. As a consequence,
new airplane factories were budt or existing ones enlarged in order to supply the ever-growing
demand for airplanes. The scientific organization m-ted April 3, 1912, in the “ Wissenschafh
lithe Gemllschaft f iir Flugtechnik” which later on changed its name to “Wiienschaftliche
Gesellschaft f iir Luftfahrt” (WGL). In 1908 the ‘Wodellversuchsanstslt f or Aerodynamic,”
headed by Prof. Dr. L. Prandtl, was founded in Q6tt@en by the “hfoknkftschiffstudien-
gesellschaft.” It is now called “ Aerodyntiche VersucbmmstaIt” (AeVA.). Toward the end
of 1912 another testiqg institution was founded under the name of ‘~Deutsche Versuchsanstalt
f ti Luftfahrt” in Adlershof (IllIL), which was headed by Prof. Dr. J@. F. Bendemann. This
institute arrtmged and carried out as its first great task during the winti_ 1912-13 the contest
for &e Emperor’s prize for the best German aircraft engine, and then took up the solution of all
technical questions concerning aircraft. Departments for engines, propellers, and instruments
and stren@ testing of t+irplanestructures were developed.

These departments at fit based their efforts chiefly on the investigations of H. Reissner as
prwented in a lecture before the V7GL at the end of November, 1912. These inves~uations
contributed largely to a further development of a reliable dcsigg and construction for aircraft.
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During the following year the DVL, in frequent exch~~o with the interested parties, worked
out the fundamental instructions for airplane design which wore to be tdmn as authoritative
during the war.

During the maneuvers in autumn, 1913,the Aviation Corpswere first employed in larger units,
and the experience then gained taught that airplanes did not htive the strength necessary for the
safety of the aviatom. My continuous and most. careful examinations of the structural parts
of the airplane which were to be put into service could overcome tlm difficulties oncountercd.

At the end of 1913 tests qegarding strength and resistance of wings were rondo for the first
time and were later on extended to the fuselage, landing gear, and other parts of tho plane.
The test methods were worked out in the DYL. AS a result of_tho Syst”mdic w~r~ th~n ~onc,

the airplmea in 1914neasured up to all requirements regarding strmgth.
The World War”brought new experiences, and the aviation corps at the outset were of the

opinion that scientific research work CC+I be dispensed with. In summer of. 1915, however,
this work was renewed and steadily increased. At the end of the war a considerable number of
institutions were working on resemch problems on a large scale.. The fitsrY tec~cal depart-
ment (J?lugzeuagpneisterei)had succeeded in uniti+g ~he professional organizationa of industry
and science with its own technical staff so. as to get a mutual interchange of experience m-l

.,, .- .-

ideas. The technical reports of this department (Tmlm.iache Berichte der Flugzeugmeisterei)
gave all the newly gained experience in a quick and confidential way h the interested parties.
However, the industry was_too busy to furnish such reports regularly, so the majority were
prepared by research institutions. .Those principl= which were considered autlloritativo for air- ..
plane work were laid down h “ 13au-Wd LiefervorschMen der.l~pektiOg de! ~hegertruppcn”
(BLV). These BLV wer6 issued three times, in 1915, 1916, and 1918. The last edition wrLsnot
entirely fished, but contained all the important chaptss on design and construction,

Siice the end of the war the work on airplaneshas been directed toward new lines, especially
those required for commercial purposes. Not every experience gained with war airplanes can bc
utilized, The conditions, under which the German airplane factories were compelled ta work,
necessitated the utmost economy in every possible wg.y. Methods heretofore used will havo to
be carefully revised, good work maintained, imperfect methods abandoned, and the yet unex-
plored developed and finally brought to a more perfect state.

The following article gives a description of the views which prevailed in G&any in the
past and also endeavora to reveal and clarify existing &mtradictions. ---

11.THE AERODYNAMICPRINCIPLESAND THEIRUSEIN DETERMININGTHE STRENGTHOF
AIRPLANES.

(a) THE AIR FORCZS ACTING UPON THR AIRPLAhX lN STRAIGHT UNACCELSRATEOFLIGHT.

The wings are the members which carry the airplane, and their section, shape, and position
are arranged to perform this duty. They are attached to the fuselage, the bearer of the driving
unit and load, and the stationary parts of the tail unit. The latter member has the duty of
stabilizing and steering the airplane. Its constructionia similar to that of the wings.

When analyzing strength, the air forces on the wings and tail planw must be cmisidered
jointly on accoynt of their close reIation. The air fomea on other airplane parts can be ncglectd
in most case9.

1.WINGS.

The requirements of aerodynamics regarding the winga~whether mqnoplane, biplane, or
multilane, are under .tic~ion~ and can be su~atied as fo~ows: small PrOpOrtiOnOf c~~ord
to span of wing and section and thickness of wings in proportion to the required flying capaciLy;
small air resistance of the exposed parts of the framework.

The first condition rendem the Comtmctidp of .w@a dificul~. Therefore the determina-
tion of the span is usually the result of compro@siW_the requirements of aerodymmics, on the
one hand, with structural and weight requirement, on the other. With the flying capiicity of
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the plane determined, the chord of the w@ is determined by the span. The section of the wing
can be selected from the numerous teat reports published on this subject.

To keep the number of connect,hg parts of the W@ as low as possible, it is again necessary
to compromise between air resistanm-&d weight.
This report can not deal with these points, which
wiII have to be discussed and determined with
every new daign, but assumes that they will be
fully taken into consideration and that an airplane
will be designed accordingly.

The laws of 8erodyna?nics teach that the direc-
tiun and the center of pressure of the air forces
on the wings change with the angle of attack; i. e.,
the angle between the direction of the air flow and
the chord of the wingg. This can be compared
with the influence of forces upon a structure-a
bridge, for instante. The weight-of a truck pqssing
over w bridge and the constant~y changing air
forces require simdar assumptions as to load. The
foIlowing illustrations will ~xplain this.

Fqge 1 gives the chosen condition.

.

—

Frn. 1.-A!.r fmms cmd.rplsrxe.

‘l%e M@; of incidence k is the angle between the longitudinal asis, which is usually the
axis running parallel to the axis of the air propellers through the center of gravity IS and the
v@ chord.

—

The air forces deeiggated by coefficients introduced by Prandtl are dependent upon the
angle of attack a, i. e.—

c~= coefficient of total force G (k@.
Pa= coefficient of lift A (kg.) perpendicdar to the direction of @ght.
rW= coefficient of drag W’ (kg.) padel to the direction of flight.

—.

% = coefficient of normal force N (kg.) perpendicular to the wing chord.
rt = coefficient of tangential force T (kg.) parallel to the W& chord.

The coefficients multiplkd by the -wind,pressureq (kg./m.’) and the area of the wings F’ (m.7
give the air forces in kg. which act upon the wingg.

..—

The wind impact pressure q is derived from the air speed ?7 (m./sec.), the density of the
air j p (kg./m.a), and the acceleraticmby gravity g (m./sec.z) accord@ to the formula:

--

.
~=;: $

The air forces create a moment around an axis drawn through the front points of the chord
perpendicular to the plane of the @re and runn@ parallel to the leading edge. This moment
defined by a coefficient is expressed by the equation:

-

cm=: c=
t

t (m.) indicates the chord len$h of the w~~; s (m.) the distance of the point (center of pres-
sure) at the intersection of the total air force and the .w@ chord from the projection O of tie
leading edge upon the chord.

. .

In Figure 1 the resultant coefficient c. for a certain angle of attack has been divided into
the ccmpcmente c=and c-Wand also into the components cmand c~, Both ditiions can be of

_.=-J-—

great advantage. ..
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The following illustrations have been prepared with an assumed structural resistance for
an airplane %S= 0.05: Figure 2 shows the LiIienthal polar diagram (abscissa cWjordinato c.
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with the angle of attack a in the curve); Figure 3, tli~ coefficients CKand c, in relqtion to the
angle of attack a; Figure 4, the coefficients % and cmin relation to the angle of attack a; Figure

...—

5, the coefficients cn in relation to the angle of attack-a.



ANALYSIS OF STRESSES ES GHWIXN AIRPLANES. 269

Using the relations given in these figures there is alsa derived: Figge 6, showing the distance *
s of the center of pressure from the leading edge of the wing in relation to the an@e of attack a: — ----

F~e 7, showing the incbation A of the total air force G to the chord in relation to the angle ----—

of attack a.
..-

The curves shown are of importance for aerodynamic “aswell as strenggh calculation of an
airplane. They indicate the necessity of considering air forces. which charge direction and
position, whereas the range of the angle of attack in regard to the flight of an airplane is not as
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yet determined. This depends upon the size, the weight, the power capacity, and the purpose
for which the airplane is constructed.

The range of angle of attack in war airplanes varied, be~~ greatest in pursuit and attack
airplanes. As long as the steering of the airplane depends upon the ability of the pilot, a certain
additional factor of safety must be used in calculat~m the strength of the structural parts
effected by this range of angle of attack or variation in direction and ma=ghitudeof stresses.

Follow&o Reiss.ner’stheories, which he presented in a lecture before the WGL in December,
1912, on the strength and safety of airplanes and which he developed later in an essay prepared
and published with the aid of his assistant, F. Schwerinj entitled, “The Stress balysis of Air-

.-

-.
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plane Spars, ” we have for a given arrangemmt of the spars, tl.w loads upon the spars with
changing angle of attack without calculat~~ the partial foroes and the forces 2’ acting in the
direction of the chord regardless of the thrust of the propeller.

Figure s illustrates the arrangement of spars. The spar loads are represented by the
forces V (kg.) and H (kg).

The equations are:
N= V+ H and

.. --,

$=(””’+%
i! ~

I
Assure fion

6See/*e}
/200 I

ll\
‘ &.06 QL50

I
. G=/OOOtkg.

800

1 !
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—.
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FI

.
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— Cose C,l:ce(09

.4cc.ioB.L!/19/8
*

Angle of affock= d
FIcJ.9.~p8r loads Va!ld H h dnthn to thoangleofattack e. Fm. 10.–Tha four lead crisescmwings.

The air pressure resulting from a unifo~ glid~~ flight..isdetermined by:

From this equation the foroes upon the spars me derived:
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For an illustration, G is taken as 1,000 kg., and for the vrhg vahms alr~a~y mentioned the .3
spar loads ~“and H are given in Figge ‘3in relation to the an#e of attack a.
that the spar loads, depend to a large degree upon the argle of attack.
(a= –4.25°] they are equaI and opposite to each other.

Reissner’s method can be. used whenever fi=guresare available for the
section or when they can be derived from existing ones. .,

This iignre s&ows
In a vertical dive -

an@s of the wing . .

& this is not &mys the ease, Suggestions of my former assistant 31adelung, which tend ..
toward simplifying thes~matters, v&e’-~troduced for- the first time in the BLV of 1916. They
illustrate the air forces upon the wing with sufficient accuracy, regarding position and direction.

From the many possible positions and directions of the air forces, due to the change of the
angie of attack, four special cases are selected and illustrated in Figure 10.

M] PuZlhg out of a dhe.-l%e air force is perpendicular to the wing chord, intersecting T
same at a point ortethird of the chord length from the leading edge.

(B) Gltiing.ffight.-The air force is inclined in the proportion of 3 :1 to the chord and
intersects the chord at a distance of one-third of the chord length from the trailing edge.

[C) Dive.—The air force is parallel to the chord and at a distance below, eqwd to two-thirds
of the chord Iength. As this assumption was aerodpunically inmrrect, the distance was
increased in the BLV of 1918 to 1% of the chord.

(D) Flying upde hum.—lt’he air force is inclined in the proportion of 4:1 to the chord
and intersects the chord at a distance of one-fifth of its len@ from the Ieading edge.

It can be seen from the illustration in Figges 6 and 7 that the above four cases occur with
an exactness sufficient for aerodynamics. Any other example wilI certainly not give such good “
conformity together with qualitative Rccuracy.

On the chart of center of pr=ure travel the points of the cme comespond@ (~. 6) to .
one-f?fth, one-third, and two-thirds of the chord len@h and its asymptote to its inlinite brrmches
show that the following antgksof attack apply to the four cases chosen for determination of the
load :

Case A: a = ● 10°
B: a = – 1.9°
C: a = – 4.25°
D: a = – 7.5°

The angles of inclination of the air force x belonging to these angles of attack are to be taken
from F~e 7 and compsxed with the cominonly accepted inclinations:

@le L
Ay#ti~ to Accordingto

BLV, 1910-191S.
Case A: >93° -:1 +90°

B: +72° 3:1 +71.565°
c: 0° 1 :CO 0“

D: –63° 4:1 – 75.964°

The conformity of the angles of inclination as adopted in the BVL with the resultisof the
example is very unsatisfactory in case D. This deviation is expected as greater forces are created
in the truss due to the steeper air forces. A speciaI calculation of the truss for load strength due
to the effect of inertia is unnecessary. Fiige 9 shows the range of the spar loads V and H in
relation to the aqglw of attack in cases A, B, C, and D. In cases A, B, and D the spar Ioads .
almost equal the totsl force G. In case C they baIance each other.

Figures 11 to 14 show a biplane in the four positions corr=ponding to conditions of flight
selected m cases A, B, C, and D. In case C the airplane, lyirg somewhat on its back in conse-
quence of the negative angle of attack and force exertid by the taiI unit in balanc~~ the wing
momentum, has a lateral component of motion besides the vertical
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As long as the wing is considered as a unit, it is permissible to compute with the total air
force alone. This total air force is produced b-ypartial air forces which are spread along the chord
of the ribs according to certain laws. The first book by Eif3’eland the Sixtieth Report of the
English Advisory Committee for Aeronautics, 1911-1.2, contain valuable information on this
subject. Heimann and Madelung explained that through assuming double triangular distribu-
tion for the load, cases A to D, the air forces can be estimated for the strength calculation with
sufficient aerodynamic accuracy,
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Fm. H.-Lad we A: palling out of a dive.

Fm. 12.—Laedease B: gl!de.

Fm. 1~–kd case D: P@g updde down, rIG. 13.—Lad caseC: dive.

In Figure 15 the loads upon the ribs applying to the four above-mentioned cases arc plothxl
as proposed by I%imann and Madelung. In ease C the severer condition of the BLV, 1915,
is also taken into consideration. In conformity with Figure 10, the following normal forces
and moments about the intersection of the chord with the leading edge are given:
—.
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The areas of loads shown in F~e 15 again result in partial pressures upon the upper and
lower surfaces of the wings. The question to be determined is whether, and to what extent
is a subdivision of these forces necessary. Concerning ribs of the airphme of to-day this is not

–i -i

Ria&ad
No = LOiX7pf
& = 0.948 ‘.
Ncti- 0.000 “.
%a= 0.000-.
& =-0.970 “

:
1

I Wihg edge mamcmf
Ma = o.333pf~

i“
Mb - O.&32‘.

I
~cm= o.67~ --
M=@- f.677 ‘.

Md ‘-a /84 ‘.

Fro. 15.—Distributfond wind foreeealong the w’@chord forM
A, B, C, and D. Mxnentabout the Imdfng edge.

as ye; necessary, but-= the ribs become huger,
and especially if the cap strips are designed as
independent girders, this consideration will -.
become necessary.

The results obtained and published, re- .-
garding teats on airplane models in different -—
countri-, me classified for a fixed ~pect ratio.
Those of the AeVA in G6ttingen apply for &n
aspect ratio of 6.

The formuh developed by Albert Betz per-
mits of a transfer of wings with di.flermt spans
from a monopkme to &biplane, without greatt
diiliculty. The formulss are gi~en in Table I.

Using the Betz formulas the size of the air
force can be determined for any proportion of
the wings and for any shape of the camber.

1 . ..

“’\
I

—.

\
\

Cross@ angle ~, Wti dikeci%n
of~ - g-au-% , —.—.—. ~
A@eofsf~er#3 \

—

\

—

FIG.17.—AngIeofstaggerBand mc@w3-e ofchwds f of a MF181W.

. ..-

.-—.

Until 1918 the speciiled ratio between ‘upper and lower wing was 11:9 or 55:45 for all
load cases on all typ~ of biplanes. This is substantitdly an acceptance of the proposals of

.- —

Reissner and the DVL, who used this relation from the very begim& in determining strength
and stability. This ratio is taken from Table XX of the first complete edition of Eiffel’s book.

...—

h exact calculation re-reds that this ratio can not be mainttied. The Betz formula
of con-rersion makes it possible to prove in special illustrations th8t the ratios depend on the
angle of stagger 13and the crossing angle of chords ~ for the diflerent load cases and provide a

-..

basis for the 191s BLV.
The angle of stagger P and the crossing angle of chords t are exp18ined in Figure 17. 11-

lustrations 18 to 21 represent the conditions of specific loading according to the BLV of 1918
.—

on the upper wing in relation tQ that on the lower W@ of a biplane. It is to be noted that
the angle of staa~er applies to the wings ti.ndnot to the spars.

The angle of stagger of 26~0 corresponds to a displacement of the wing from its normal
position of half a chord length.

In case A the curves for 20” and 26~” are practically the same. In case C the distribution
of the sir forces is independent of the angle of stagger In case of a bipkme with crossing
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chords one of the wings has a positive lift and the other a negative. These forces are opposite
and equal to each other. !JIheyhave either to be taken from a pohir diagram or to be calculated.

As an example, for angles 6 = + 10° &nd t= – 2° the conditions of load for the difTerent
CSS=are enumerated below:

ICI=

s@cprmti onupp *.: .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . %:~”’ S9.2! 43.0
S@ ficpr~on liner.@ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- 35.5 19:6

I
6(I8

I 67.0

This tabulation shows the importxmce of discarding the adoptd relation of 55:45.
The above hoIds good for the distribution of air forces along the wiqg chord. The knowl-

edge of the lated air distribution is of the same importance and can be more easily and ac-
curately treated than the Iongitudimd distribution.

The first investigations by Eif%l revealed that the lateral distribution of the air forces is
irreguIar in the center and ,flows off toward the edge. The assumption of a uniform load upon
the wings from the fuselage toward the tip of the wings is approximately corre@ at the center
of the wingg only, as the load would be too great toward the tip. Re&sner advocated this
distribution in his lecture in 1912, and for some time this regulation was utilized in the con-
struction of airplanes. However, when airplane wingg with a vr~hout were introduced, the
DVL decided to take a different tiew, consequently, it was decided that the air distribution
from the center toward the tip of the wings was uniform to a point one chord length from the
tips of the wing. It was assumed that from this point - *t
on to the tip of the wing, the load decreases until it ~_ ,,, 11
reaches half the value of the load in the canter (see fig. Q_ ‘:*\J~!,‘!~~~:i~’~”?~‘~j~~~~J~~~~,. l_~ Qm

16). The reduction to zero on the tip was not considered ~ “
~z

-; T
advisab~e for the reason that the ailerons .am usual~y Fla.16.–Latard dfstriitfon of wing forms.
extended to the tip of the wings and when in use produca
an incressed stress at this point. In case of ovwhang it has been assumed, in accordance
with the BLV of 1918, that the load is uniform up to the tip.

Wings that vary in section and plan construction and in angle of incidence require careful
consideration- When proper aerodynamic data are not available, which is frequently the
case, the rules for ordinary wings have to be carefully ewmined before they can be applied.

In most cases no difficulty will be experienced in invest~~atirg the chosen shape of wings.
tilde from the summary invedigation of the irduence of the air forces upon the wings, such
members of the wings which are attacked by an accumulation of component forces must be
carefully considered. The Ieadirg W@ and the tips of the wingg reprasent such points. It
will be remembered that the component forces on leading edges and on the tips of the wings

. increase suddenly. Experience teaches that insufficient regard for the effect of tip vortices
h= remiked in the fabric behg torn off at the tip? when insecurely ftwtened.

Recently A. v. Parseval in a lecture before the WGL on October 15, 1920, referred to the
sucking effect of these eddy currents.

2. T~ ilNZI! OR TES E31PENWAG=

The air forces acting upon the empennage, which have to be considered when calculating.
the stability, can in the pr=ent state of airplane design be estimated only according to assump-
tiom which ti Simpfify matters..

The tail unit consists of the elevators, which impress pitching moments to the airplane,
and the rudder, which, ao~~ with the ailerons in the trailing edge of the wings, effects the
yawkyg and rolling mo~ements of the plane.

-—.
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k to calculations of strength, the ailerons belong to the wings and do not therefora roquiro
special attention under this heading.

The air forces acting upon the elevatom can be easily derived from the air forces acting
upon the wings. The air forms acting upon the rudder are not so readily explained. It was
usually assumed that the loads on the rudder were the same as those on tho elovatora, although
this was known to be unnecessarily severe.

Messes. R. Fuchs and L. Hopf explained how ~e moment turning around the center of
L.-.

gravity 8 of the airplane can be calculated in a simple manner from tho coefficients c., c~, and
cm of a wing and the coordinates h (m.) and r (m.) of the center of gravity of the airplano
(fig. 1).

In this figure the point C was taken as the origin of the ordhmtos and W= obtained by
projecting the leading edge upon the wing chord.

The wing moment Mt (mkg.) is now expressed as:

ilff=gtl’lc~+~c, sin (a– K) – c. cos (a –K] – f[c, cos (CY-K) + c. sin (a–d]}

The direction of Mris taken as positive if the moment tends to tilt the airplane downward.
If, however, it is assumed, as in the preceding chtipters, that when calctiating the spar loads
the wind pressure i~ eliminated, deductions may be made according to the following equation:

q= $,..- ,,.-

In the figure k is introduced depending upon the chosen section and dimmsions of tho wing
and varying with the angle of attack a:

. 7c=Xc~+![c. sin (a–d –cw cos (a– K)]–~[c. cos (a-x)+ Cwsin (a–K)]\
CC( b

then the moment is:
6, J

Jft = MG
—

In the ex-iinple of a wing, as given in tho preceding
chapter (sea figs. 2 to 9), with tho position of the ce-n-

ter of gravity ~=~and ~= ~ and tintingleof incidence

of K=5°, the line of the obtained – 7Cvalues is plotted
against the value of the angle of attack (see fig. 22).
This illustrates that the coefficient ii is smaller if the
angle of attack is great but increases gradually with
decreasing angle of attack and reaches a maximum
near the value of – 4° for the angle of attack (dive,
case C?). It again decreases below this value. Tho
curve representing the values k depends to a large,
extent upon the values $ and ~. The position of tho

canter of gravity and therefore the coordinates r and “
h are to be chosen in such a way that the coefficient
k dl be ~all in comparison to range of angle of
attack ordinarily expected during the flight. An

“increaseof ~ causes a lowering of the k curve especially

at the top within the range of the dive. If the values of the angles of attack are high
h

hd positive, k is more indifferent toward a change of – the air forces, as shown before,t’
being almost vertical to the wing axis and therefore nearly parallel with the coordinate rmisof
the k values.
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.
The moment coefficient k, about the leading edge Cin tie diflerent load cases A, B, C, and

D, can be taken from the explanation given to F- 15.

Assuming the same position for the center of gravity as before, namely, $=:; ~=~, the —

coefficient k of the wing moment 3ff hrni.ng around the center of gravity ~ is calculated in the
fouowing way:

—-

., -

~Moment metMient-MomentCcacient !
I

_L—..

Ctw?. ~ k,about the lead- :&abbal&lyc&- Remarks. —....

! *-
.—. .-

A... .. .. .. . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. +0.3s9 I -0.056
B... .. . . . .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. +0. 632 +0. 243
c...............

{
~i 66; +0.2!78

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

D.....
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t. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .-i –o.1997 +0.If)m

.: -..-.

BLV,191+1916.
BLV,1916-1.91S.
BLV,1916.
BLV, MU&
.BLV, 191&191S.

---—. .
,

The coefficient reaches its highest value in case C. The position of the center of gravity
of the example agrees to some extent with that of airplanes already built. It is therefore per-
missible to introduce the highest value of 7c,according to the calculated data, as

2==1.3.
Opposing the wing moment X_rthere is another moment equally great in straight unac-

celerated flight, that acting upon the elevator. “me air@ne body with the landing gear and
floats exposed to the air currents also require stabilizing by the elevator. Generally tie forces
necessary in this case are small compared with those acting upon the wings, and it is permis-
sible to neglect them and to figure the wing moment only.

The center of the lifting force of the elevators caq be assumed with sticient accuracy to be
in the center of area of the horizontal tad surface ~h (ma).

If the distame between the center of gravity of the airplane and the center of area of the
horizontal taiI surface is a (m.), then the total air force Q~ (kg.) acting upon the eIevator and
tail plane is given by the equation:

Qh=+=k ;G

If rA is introduced as a lift coefficient of the tail surface depending upon the angle of the
tail plane and the position of the ele~ator, the following calculation can be made:

(h c.;Gz=~r
From this equation follows, that

speciiic Ioad on tail surface lift coefficient on tail surface .
speci.iicload on wings = coefficient of total force cmwmg

‘l’he maximum value of the speciiic load upon the tail surface for a given spectic load upon
the wings is obtained therefore in ca= C (dive} with the smallest value for cc and the greatest
for c-h, if the elevator is turned to the extreme position.

After the total force upon the elevator hae been determined according to either method, the
same probIem relative to the distribution of the air forces acting upon the elevator has to be
solved using the same method explained regarding the wings. The experiments known on this
subject show that the distribution of the air forces depends largely upon plan form and the pro-
portion of elevator to tail-plane area. Data for a specitd construction are derived only from
special tests. The numerous test fighres given in the TB do not show accurately the distrib-
ution of the air forces, but give figures for the Iift rasi,stanceand moments only.

-—
--

.- -—.-—-

.-
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The elevators of airpkmes commonly in use are chicdly subjected to air forces which act in
one direction. Mmiy rtirplan~ have tail units with curved surfaces so as to utilim these air
forces.

In case the tail units have the form of wings, the air distribution for the latter can be taken
as typical. But if not it-would be adv~able to make use of simplifying methods in calculating
the air forces, especially since the tail unit in most cases is not large enough to permit of an exact
investigation,

In considering the elevaiam, four load cases are chosen, demonstra-
—C ting with ample accuracy all aerodymtmic requirements. (See fig. 23,)

Cuwa: Presswe from above. —The air force Qhis distributed over the

A

positive pressure side of elevator, so that the center of pressure lks at a
distance equal to one-th.hd of fhe tafl unit’s chord from the leacling edge..------- .---- —-.

‘i +b ~
Case & Pre8sure from abtiie .—The air force is distributed uniformly

over the positive pressure side of the horizontal tail surface. The cen-
:- --------

Toilphne kf--z& ‘fir ter of lift lies at a distauca from the leading edge equal to half the
chord of the horizontal tail surface.Fm. 23—M eases on horizon- .

tal negative taliplama and ele- C’asec: T’i’ar@ng.-The air force Q~ rum “on the concavo side at a
. .

vator. distance equal and parallel to the chord of the horizontal tail surface.
(law d: Prewwrefrom bebw.—lhe air force Qhis unifordy distributed over the negative

pressure side of the surface. The center of pressure is at a distance equal to half the tail “-
unit’s chord from the leading edge.

These four cases do not correspond to the load cases for wings designated by capital lett.ersin
the preceding chap&~, but they do include the load possibilities of the elevato~. The lateral
distribution of the loads is assumed to be uniform, ~hussimplifying thi calculation”but giving
higher stressas than are actually obtained.

In contrast to the horizontal tail surface, the vertical fin and rudder are subjected in flight
-..—

to equal forces from ~ither side; consequently they are always constructed either as plane or sym-
metrically cambered surfaces. Omitting load case d, the remaining cases, a, b, and c, have to be
applied to both sides. The force Q, exerted on the rudder is not specially calculated, but is
derived from the well-kmown basic laws for elevators, that is to say:

Since rudders are subjected ta the same wind prassure as elevators and since they receive,
with similar rudder defections, forces of corresponding magnitude, the same unit-surface load is
chosen for both members. If F’ (m.’) means the area of the vertical tail surfaces, the followkg
equation holds good:

$=+ :
—

.-. .s
8 1.

The rudder needs special investigation. An unbalanced rudder forms h continuation of the
h which has a pivotir hinge, about which the rudder oscilhtcs. The bahmcing surfaco of a
rudder is, according to its relative area, subjected to the same load as the rudder itself.

(M Am FORC~ =ERTEO ON WINGS Am TA~ U~T ~ CURV~ AND ACCELERATEDFLIGHT.

The straight and unaccelerated flight of an airplane is an exception. IIlvenif the rudder is
not moved, there are always small oscillations caused by lateral balancing, which in hum accel-
erate or retard the flight velocity and which are accompanied by ccmwponding changes of wind
pressure and angle of attack. Usually, however, flights without operation of the rudder will
so olosely resemble the str&Ohtunaccelerated flight that the latter can be safely assumed.

When the steering action takes place, the airplane takes a curved path. Centrifugal force
combines with acceleration of gravity to form a new force which is greater the smaller the radius
of the curved path. In calculation of airplane strength it is necessary to know the xnagnitudo of
this “apparent” airplane weight. —
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Reissner asserted in his lecture before the V7GL, alreadv referred

279

to, that the smarloads
resulting from centrifugal force in curved- flight mus~ be cal&lated. As&n&g that”the path
of the flight when rising is circular and that the initial velocity, the radius of curve, and the
height is lmown, he contends that the load upon the wings could be a little more than double
the load experienced in stra&ht flight. He discusses further the cme where the l@hest con-

——

ceivable wind pressure is combined with the largest angle of attack and the most unfavorable
spar loads, and estimates that. this coincidence of the forces ~ produce a load more than three

-—

times that of an ordinary wing Ioad. As experiences of practiod flights were lacking, Reissner’s
theory did not clear up su.t%cientlythe magnitude of the wing loads, which in reality appear as
multiples of the load in a curved flight.

Either of two methods could be considered.
The WGL decided to obtain the necessary fundamental data by creating ah instrument

for registering accelerations in the form of a curve. For this purpose a contest for the pro- .
duction of an accelerometer for airplanes was arranged for JuIy 26, 1913, m-th the stipulations
that the meter had to register the highest yahes and changes of the apparent components of
gravity perpendicular to the support~~ syrfaces and to record data w to theiqrnagnitude and
frequency, the range of measur~m comprising in upward

.--——— .

flight at least eight times the accderation of gravity and in
downward flight at Ieast the simple amount of the accelera- ..+
tion of gravit~.

Several kinds of instruments were received according to
specifications at the testing stand of the DTl, until July 1,
1914, but could not be tested due to the outbreak of the
war. E-reh at a later time the contest could not be carried
out. The accelerometer was not much used in Germany.

d

Except for the shocks experienced in a seaplane when touch-
ing the water, the accelerometer of AIbert Betz was success-
fully used. Recently Wolfgang Klemperw buiIt an acc&r-
ometer which in a convenient size can be attached to the
instrument board of an airplane and permit a continual
observation of accelerations.

In England the recording device of Soarle, consisting
FIQ.2L—Bendemann”s IUSU@ devfw.

of a thread of quartz, was successfully employed. Ii Barsto#s book it is stated that in a
—

sham battle a value was reached equal to four times the accekration of gravity. This is an
extraordinarily high value.

The DVL folIowed the other method and tried to solve the problem by mea.surinrgdirectly
the forces in the wing wires. The measuring devices cki.gged and used for the first time in
1913 made @ possible. The measur~a pointi were Iocated in the airplane lift wires; the .
registaing stand was in the observation room. Between tie points a connection had to be
provided which would guaraq$ee a sure and immediate transmission. The hydraulic transmis-
sion offered these advant~wes, especially in connection with Bendemann’s measurhg device,
the features of which are briefly explained in Figure 24.

A cylinder a, closed on one side, cantains a Iight, but closely fitting piston 5, on which a
force can be exerted by a rod c. On cylinder a a lever d is mounted, which is ergaged be-
tween flanges of the member c and regulating piston valves e and f. These pistons axe fitted

-.

into the cylinder a. When rod c is loaded, piston 6 moves downward. The regulating piston
is actuated upon and admik” pressure liquid thro~mhinlet g until piston b returna to its middle
position and the inlet is closed. The space underneath the piston connects opening h to a pres-
sure gage (either an ordinary pressure gage or an indicator as commonly used with engines).
This instrument registers the pressure of the liquid and therefore the pressure acting upon the

—

piston b. If the load on piston b is decreased, some of &e pressure liquid flows out of the gage
53006--19
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into cylinder a. As all commonly used gagas work on the principle of change of space, the
piston b is lifted, moving the piston valve e and allowing liquid to escape through the passago {
until equilibrium is rqached. we piston has a very &ght travel except under sudden changes
of Ioad. These movements are limited through the positiori of” the regulating piston and the
lever arrangement. me movemmk Wn be made so s@ that they are practically ncglif$ble.

When Bendemarm’s measuring device was first used, the specird regul~ting pistons wem
omitted on account of simplicity, and the carrying piston was equipped with regulating ports.
Its zero position wx consequently notrso sensitive, but no trouble was experienced. In some
makes of measuring device a special regulation of the outlet was not provided and the equalizing
of the pressures was partly left to leaks around the piston and partly to small movements of
the piston.

As it was thought inadvisable to have measuring devices in the main truss links, necessi-
tating a great cha~e in the structure of the ~, ~ device was-built as shown in I?iiure 25.

The”cable to b6 ieiied of a thickneti of s (m.)P
A’ c

s

..
-.

To ind;ccdcr

FIQ. .?dA!Mskunetex d@@rn,

loaded by a force S (kg.), was run in a slight
bend a (m.) over three pulleys, so that a force
P (kg,) resulted in the center:

This force was taken,up by a measuring
dev@ with an area of F (cm.*) and was meas-
ured”by pres&re p (kg./cm.*).

. .

Therefore: *
~ PF

“~
..

and through the geometrical formula:

,..

the angle Y is fied. In the above equation 1 (m.) is the distance betwean the two outer bends.
With a-very small value for angle 7: ..-

&$l& .. .. .. . “.. . .. . _.

The first trials with the tcmsiometer (see fig. 26) were made in February, 1914, on a Taube
airplane of the Albatros Co. G.m.b.H. in Johannisthal. This sirplane, on account of its pecu-
liar landing gear, which also served as the lower ki@ post of the wing truss, was especially
adapted for the intended purpose.

The cables to the wings were run to points fore &d aft beg&& at an attachment some-
what- above the axle of the landing gear, They were connected by horizontal cables running .
thrcmgh these attachments. The tensiometers were placed between on these cables (see fig. 27).

This arrangement could be used, as there was no danger of exceeding the elastic limit of
the airplane parts, and consequently the law of elasticity held good. The conclusions drawn
from this test @uld be applied to similar wings.

The test pilot, Ernst V. Loessl, flew the Taube in the best possible way, considering the
clumsiness of this airplane. The factor ii indicates the ratio of the registered tension to the
tension of the cable in horizontal unaccelerated tlight:

Kindof f3ight: l?mtixk.

.::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: % “

Ititidtition (on~mnd) ... . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Climbing
Gliding
hwc*~t .. . . . . . . . . . . . . . . . . . . . . . . . . . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.40
l.evelingoutdaglide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.00
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Fig, 27.—TeneJamder attached to Vflre$. .

.

$
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.....
A

F[g. 26.-Tenslometer.

F[g. 28.-View of Mb. B II.
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The results obtained ~ere not satisfactory. The h~h”stabiIity of the trial airplane could
not sufficiently be overcome by the pilot. Another trial was therefore. immediately made
with a biplane built by the same factory, Alb B IL

This trial airplane .-(see fig. 28) was equipped with the 100-hmsepower 1). I. en#ne of
the Da@er Engine Co. A. G. Untertiirkheim. According to the test log the temions must
be measured at the folIowkg points:

(a) In the cables of the inner bay of the wing in uniform straight fight, in squalls; in
bmk@, in gliding, and in exaggerated pulling out of a glide.

l.~) The same as under (a);in the wires runn@ from the upper rear spar to the engine,
especially during gliding flQht.

(c) In the counter wires of the inner bay of the w~m.
(m In the four cables of the outer parts of the W@ dur~m straight ~~ht. (This require-

ment was withdrawn later on, as the airplane was urgently needed for service-)
The tasts were made in June, 1914. The same measuring devices used for tie Taube

were used in this case. The carrect operation of the devices were ascertained by special tests
made before and after the trials on the airplane.

The test pilots succeeded in accomplish@ more with the biplane. The rmdts also checked
with each other better, as both wings were tested simultaneously. Besides the wires, on which
tests were made, there were the more predominant W@ carriers dillering from those of the
wires in the fuselage t.russ~~ of the Taube.

The rwults of the test are given below:

i Factor L

I I,

Horizontal flight. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-. --. . ------ . ---------- .-------i LOO ‘
Left-hand bank ~~ I k%i :%..........-------—-—-----:------------------------------------..+
~&hmdbk . . . . . . . . ..----------------------------------------------------+ ~$ :~ -------”--
~ti (Iefthmd).. -.---------------------------------------------------------j im
RAt@ out of a bank

. . . . . . . ..-
. . . . . . . . . -------------------------------------------------- ;g I o.3S

GH@@t . . . ..-. -----------------------------------------------------------i ~~ L 14
~;U~~~;a &de----------------------------------------------------------

[.

i~ t O.a
. . . . . . . . . . . . . ------------------ ----------------------------------- --------- - ------- . . . 2.49

The calculation of the total airplane weight, from the test results, was attempted. It was
assumed that the results obtained at different times, with the same flight evolutions, could be
used and that 92 per cent of the body weight carried by the wbgs could be accounted for, the
remaining s per cent to be considered as load upon the connections of the wings to the body
and as air forces upon the elevator of the airplane, which in this case was ‘~nose heavy.”

The rollirg moment could also be determined, with sufhient accuracy, from the difference
in tension in the lift~~ wires of both wings.

The additional air forces, in the @-t ~~ when p-” out of a glid~m f%ht-] r~~ted
in a value equal to 2.01 times that of the air forces in a horizontal fEght.

A center of pressure tra~el equal to 10.5 per cent of he wing chord vraealso demonstrated
by the axperimenia This occurred @ an angle of attack of 3.2° and is a very smell variation,
if the tads with the wing model are taken as the standard. This travel could be accounted
for qualitatively in the warping of the wing edges. The experirgents of 1914 were of great im-
portance for the constructive developm@ of German airplan=, forming a safe basis for

...-

-..

.

-.

—.

——

computation.
During the war the experiments with C airplanes were repeated by the FIz. Ffew data for

the lords upon the wingg were not gained, as the tsts unfortunately could not be analyzed.
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The tension measurements in the wing wires made clear the variation of forces in the
wings during the eyolutiom. of tlight and reveaIed that in “pulling out from a dive,” case A,
the greatest loads were experienced.

Although the -experiments were conducted with a type of airpkme having a rolativcly
A.-

small engine, the eonclusiona reached could nevertheless be applied to heavier, similar, and
lighter types. Experience vtied these conclusions, show@ tha} the right brtsishad hem
found, upon which further development was possible.

It was not so easy to obtain forces qerienced by the tail unit in the evolutions of @ht. “
The human body being naturalIy serieitive to the accelerations of gravity, the pilot pos-

sesses in his own body a very dependable accelerometer. He is unabloj however, to ostima~
the turning moments created by the operation of the rudder. The human body is affected
very little by angular accelerations. This assertion is confirmed in dancing or gymnastics,
where the body experiences considerable angular accelerations without becoming dizzy. The
accek.rations of an airplane can not bo used as a measure for stresses in the ttiil unit. Only
through centrifugal force which @l act later upon the airplane and which is felt by the pilot
is it possible to avoid continuous and excessive turniug movements,

In the preceding chapter it. k. expla.jned that the elevator receives the greatest loads in
diving. Damage to the elevator found on a number .of light ahplanes after p~ling out of a
dive verifies this statement. Therefore the most dangerous elevator load does not occur in
case A but in that evolution of flight which correspcin-dsperhaps to case B and case C!,should
the latter condition ever occur. — .—

ThiEdistinction is important. The greatest load on tho wings occurs in case A, while that ‘
on the tail surfaces occurs in either case B or C!. Through this experience, in limiting the
increased air forces to be expected during a flight, the factor of safeby necessary for the stnmgth
calculation is obtained.

When observ~ the velocity-of different airplanes in a variety of &~ht attitudes it can
be seen that the velocity of heavy airplanes in gliding onIy sIightly exceeds that in horizontal
flight; that the increase in velocity of lighter airplanes is somewhat greater; and that cwenwith
pursuit airplgnes the full and &al velocity corresponding to case C can not be roached, With
war planes, which in air battk experience the most violent movements, it is reasonaMe to
assume a flight evolution corresponding to that of case C, ahhough this case has never been
observed. With airplanes for passenger service, especially with those of heavim construction,
case C to its full extent will never occur.

With lateral movements of the airplane .&s can happen, in that tho air strikes the air-
plane from the side and not parallel h the axis of symmetry as assumed so far.

In the sudden and intended turning movements of pursuit airphmes, very largo lateral
air currents must be taken into consideration. Especially conducted tests on models, with
air forces similar to those occurring in suoh evolutions of flight, do not exist. It could be
concluded from the breaking of a Cl biplane having” ailerons in the uppm wing only, th8t in
making a curved ~ht a lateral force .aqual to one-third of the total weight of the.phmo is ex-
erted upon the upper wing. This observation sugges$ed the existence of ono-sided working
loads.

With some lateral movements of the airplane the elevator is put into action, so that both
members take up forces which have to be taken into consideration in strength calculations.
As the ratio of the magnitude.of the forces on both rnembera is as.yet unknown, tho assump-
tion that the highest values wilI occur at the swine time is justified.

The moments of inertia around the different axes of an airplane are not aflocted by
angular acceleration. This resistance is due to those parts of the airplane which are located
at some distance from the axee of the airplane, In angular accelerations the forces on the con-
trol surfaces are largely balanced by the weight of these StiaCOS themselves and of other
parts in their immediate vioinity.
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(c) ECTE9 FOR STEEN(3TE OF WINGS AND TAIL UNIT.

In every line of engineering development an investigation of the mtium working loads
must precede the strength CaIculationaof the structural parts. T%e result of the investigations
is exprassed as a safety factor, depending on the kind and frequency of the load in order to
determine the strength of the structured parts. This factor of safety is taken so high that the
limit of elasticity can not be reached under any working condition and that permanent dis-
tortions can never occur. The maximum value of the Ioad of an airplane, as has been explained
in the prece@ng chapter, can not be calculated with absolute correcti~, but can be estimated
only by comparison. The investigations already mentioned on an AIb B II, in June, 1914, show
that a lo~d twice that of the static load wiIl be qerienced in flight, being greater with lighter
and more maneuverable airplanes (pursuit airplanas) and 1- with heavier and clumsier airplanes
(giant airphules). Tlwe figures for statio loads must be multiplied by a aufhcient factor of
safety, and by so do& the load factor necerimry for the calculation of the breaking strength is
obtained. In airphme designhg the method of fit fiding the working load by mew of one
factor and then the safety load by means of another factor has the great disadvantage of twice
necessitating a compromise on chosen factors. Therefore it was decided to use one only, namely,
the product of these two figures, and to leave open to discu&ion the apportioning of this product
into factors. Unfortunately this product ia often calkd the factor of stiety. Attention is
called to this expression, as otherwise a false idea might be obtained (it should be noted that the
customary &nerican term “load factor” Ieavw 1ssschance for ambiguity than does ‘tfactor of
safety”) of the aignitlcance of the factar of safety as used in aeronautics.

1.WINGS.

At the begiming of the war it was thought necessary to use a safety factor of 6 in calculating
the strength of wings under conditions of case A (pulling out of a dive). h the earlier part of
1915 this figure was changed to agree with re.dte obtained in measurement5 of wire tension,
as explained in the preceding chapter, thus requiring a safety factor of 4X times the Ioad. The
way of reasoning at that time was as follows: The dif%rence between the limit of elasticity and
the ultimate strength of the materials generally used in building airphmes, i. e., timber and steel,
is not the same. With the bent timber (wing spars) values must be taken which are 1sssthan
one-half of the ultimate strength. With steel these figures are higher, depending upon ita
hardness. The tit of elasticity is not tied, on acccnmt of the comprom& on the aWble
remaining elasticity and because of the widely ditbing properties of the timbers used. Mcsars.
IL Dorner and E. Heller, who were responsible at that time for tha strength of airplanes, advo-
cated the adoption of an elastic limit for timber of about 45 per cent of the ultimate strength or,
expressed as a load factor, of double ‘the load.

They reasoned that the ultimate strength would be 2~E -4.5 of the load. This method

cam also be used for timber having a limit of elasticity below 45 per cent. . If the value of the
bending stresses is substituted for the tension stresea of a spar, the ultimate strength and at
the same time the bending load wiIl not be ii proportion to, but wiIl increase more rapidly

than the load; so that with twice the load a tension stress of not quite ~ times exists. Thus.
the eh.tic limit is not as yet reached.

This 4.5 times the Ioad was used in calculating and testing airphme wings unti3 a revision
was felt necessary. The BLV of 1918 contained the following instructions:

Stqndiltealoadfadol’s.

Ima. i ~e.[&mdD Ctia
ha. aIrplanOl., al&e5.

!F&o$Z:g.e:.:.:.:::::::::::::::::::::::::::::::::::::::::::::i: ~m
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The subdivisions according to diilerent airplanes were dependent upon their weight and
size. As an exemplification, the ditlerences of the airphme classes in name and type me given
in Table II. The position and direction of the forces in relation to the wing section are repr~
sented by Figure IL.

The amount of resistance due to “&irforces is chtkrent. In case C it is taken-assmsll~t, ii ‘“”
case D and B as grealer, and.in case-A as the greatest. These designations are necessary, cam C
being a dive, in which the final lbiting velocity is reached and never surpassed. By turning
tho airplane out of this position, retardation and a load increase takes place. The Mghcst
pressures can occur in case A only having a high Mting force rwulting from a great angle of
attack; whereas tit the same time the wind pressure has not decreased sufficientIy on account,
of the still high flying speed of the preceding flight evolution.

These directions were followed until the spring of_1918, at which time the introduction of
the BIJV of 1918 otiurred. This issue contained in most part the directions of tho BLV of
1916 and required, for the calculated failing strength of the wings, at least the factors as shown
in the following tabulation (total weight minus wing weight):

Loodfactors Jor culculatin.gpwpmea.
,.— —.. -

Stipulatedkmfiwtors.

CalculationclessNo.et time ofpublicationof 1918BLV.
—
I I i :. ~:.~.-. --z

‘ CWA ‘ Ceee B ; Cese C1

I
—‘~m!I (&Wde). ! (dive). ~~:~::i

“ ,! I _ “.;:.. z

I.tiqlane titilfulI w@tova5000 ~ . . . . . . . . . . . . . . . . . . . . ..- . . ..i !3.5i 2.5-: I.2 . . . . . . . ..- “ ; “:”
11.Airplane with fdl w~t, 2,5(d to 4,000kg. (useful 10xI, 1,000 tc ; 1- ..----

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.5! 1.5
111. A.#%n$$?ith full might, 2,600 to 4,000 kg. (useful load, WI fn

4.oi ........... .

......................................................~ 4.5’ J
““ ~. ~ “~.: -:??

IV. ~~m~g~th full wei@t, 1,200 tQ2,500 kg. (uedul load, 4241tm80Q I
1.75

.Jw)

.

............................................................ 4.5: S.O;
... ,-

V. Amplane with full weight up to 1,200 kg. (ueeful load up to 400 kg).i
2.6

5.0: 9.5: :: - ~..

1Onlyforfrontalpre3sn~ not fortnrnlmgmoment.
_ __

These regulations were an improvement in that the airplanes were classi!lcd according k
their total weight, the use to which they were put differing on account of the diilerent load fac-
tors in the assumed load cases. In new types the classification was made in accordance with
the &my regulations, when ordered. In this way it was thought possible to compeneatc sudden
changes in the weight of the airplanes and to place those airplanes which had to perform a
certain task in the proper group

The classification, according to &oups, was begun with the heavi&t airplanes, with the
assumption that it would not be necemmy in the future to figure on snder load factors than
those for this group.

With airplanes of ClassesI and II the load case D (flying upside do&) was to he neglected
and instead it was required that the effect of the mass when landing should be taken as six times
the wing weight, in rnalQngstrength calculation.

The instructions for calculating loads assumed that the strengthening effect of the covering,
reinforcing membe~, and ribs on the spars could be disregarded.

This assumption contains a special factor of safety and a strengthening of the wings which
does not find expre-wion in the figures. Due to this strengthening efTect,found in testing the
wings, an increased load is justified in the three cases A, B, and C, in which this efloct is espocially
pronounced. In case C no increase is justified, since a higher calculated frontal pressure is
required with reference to the inner bracing of the wings and since-the strengthening effect of
the covering on the wings Iowa its importance, on acco@ of the great warping stress.

The 1918 BLV required, furthermore, that the load factors for case C should be taken on~y
for the frontal pressuies, in order to secure sui%ciently strong internal bracing for the wings.
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However, the momenk exerted in case C were to be introduced into the calculation for support-
ing surfaces without introducing a m@$ip@ng factor. By this last specification the restric-
tion imposed on aerodynamics by the arbitrary assumption of the air force C’at a distanceof
two-thirds of the wing chord below the wing chord, according to the BLV of 1916, was removed
without intensifying the previous ideas of a sdlicient
static strength. In Figure 29 the resolution of the
force C into two wing forces is shown.

The change of the load factom with varying angle of
attack for the different classes is shown in F- 30.
This ilhstration is based upon the often used exarnp~e,
or which the angles of attack belonging to the load
cases had been computed. The tired points were con-
nected by a straight line caus~~ an abrupt bend in the
curves.

CaseC is -iery inconvenient for the determination of
strength; therefore proposaLs for its motivation were
not lacking. The best proposal was that which en-
deavored to fulfM more exactly the aerodynamic re-
quirements. In.cases A, B, and D the air forces, acting
on the fuselage, tail unit-,and supporting structure is trivial compared to the air forces acting on
the wings. In case C, however, this “ detrhpental force” is considerably h&her md can not be -
ignored in considering air forces on the wings. The method of ditiding the total air force, the

5.0
a?-n I I 1/ I I I

I ii I ZzJ------

I 1, 11 & , —.—

Angle ofaffock= cc

FIG. 30.-Lmd factors in relation te the angIe C#atte.ck a.

.“---

1/
c,

Fm. ‘2L-EE50Mngof Ioadeo hto two @Jxnpone+lts.

so-called detrimental force, and the wing ~orce, be-
._

tween the wings and the structural parb, brings the
desired improvement for case C. When this method
is foIlowed, it must be considered whether or not it
mill be necessary to increase the load factor so that
the load wilI not. exceed the elastic limit. Thus the
same conclusion was reached as prescribed in the
BLV of 1918, requiring that the wing moment
ahouId be computed without the frontal load on the
wings, in order to obtain a better internal bracing
effect with a multiplying factor.

The air forces of the wings act directly upon the
wing cov&ings. The coverings, made usually of
impregnated linen and rarely of laminated wood or
s.hm.inum plates, require no strength regulations
based on aerodynamic calculations.. It. is only asked
that the coverings put on the ribs fuMll the require-
ments conmrning the cross-sectional area nece&ary

--
.

for the aerodpamic effect, as well as the transferring
of the nir forces to the wing ribs.

N~~t to the covering, the wirg ribs are the beare~
of the luads which result from air forces, conse-
auentlv. the ribs must be desimed so = to be able to

carry thase loads. Furthermore, as the ri& are ~qosed to damage an:, if built according to
calculation only, would generally have very little strength, the BLV contains instructions
to the effect that the moment of the load, case C, must be increased 50 per cent for rib
calculations.

The calculation of the riis has to be based on Figure 15. The loa& given them have to be
multiplied by a factor of the proper calculation class. In Figure 31 the magnitude of the loads ..-
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of Clam V are shown. Attention is called to the nearly identical values of the load on the rear
two-thirds of the wing chord in all cases. This effect has been obtained through high-load
factors in case A and small ones in case C. Again attention iEdrawn to the immense increase
of

B
c
A

D

D

the load upon the leading edge in case C, -

2. TAIL UNIT.

t /2.500 - \
.

+jQooo -

I

I
(0) M

------ I
I

1/1/’,
+Z460 ,

//
I

L/
B -26544 ,

safety Cfoss
tieA :5.0

= B :.35
“t C,6:2.5
~ cm: 1.0
. D :3.0

To obforn onyofher sofefy

cioss mulfiply fhe r)b lood-
fiigS OS #VO tidiftinf
coses(see fq. 15)by +he re-
spective Iood foc fens.

c -50.0004
Fm. til.-k=ads for strength mkmlations of ribs.

The BLV of 1916 contained the fit in-
structions, on the strength of the tail unit.
They were intended mainly as a basis for
strength tests and less for calculations. The
assumption was also made that the rudders
are carried by the fin and consequently the
loads on attached rudders are also included in
the fln loads.

Stipulated breuking atr.mgth of widen and Jw,
k@U.*

Fine (aIone without load on attached rudder) . . . . . . 300
Rudd6ra attached to finE (without load on fins) . . . .“1.50
Ruddefi not attached to fine and not bahmcad:

Eand Dairplanw . . . . . . . . . . . . . . . . . . . . . . . . . . . NK”
C,G, and Rairplmw . . . . . . . . . . . . . . . . . . . . . . . S00

‘The loads are to be figured for the area of
the tail unit. The instructions in the BLV of
1916 presented a method which, neglecting the
qualities of the wings, the location of tho conk
of gravity, and the fuselage length, used ordy
the product of the air pressure, air-force coeffi-
cient for the tail unit, and a safety factor.

The requirements for E and D airplanea
are based on practical experience with E air-
planw and derived from damagw to the rudders
during flights, which were doubtless the result of
the air forces. The greater requirements for C,
G, andR airplaneswere based on the assumption
that the greater moments due to the greater
inertia of heavier airplaneswould, with the samo
flight evolution, cause greater turning moments
on the tail unit and thus higher specific loads
on the surface. This assumption, however,
proved to be incorrect, and the loads for G and
R airplanes had to be reduced considerably.

The BLV of 1918 and also of 19M based the stre~th of the tail unit on a surfam load.
Load on the fimsjruddera, their connecting parta and Btaysper unit surface:

For Classes I and II, 200 kg./m.’
For ClassesHI, IV, and Vi 300 kg./m.’

These @ures contained an addition of 50 per cent b 75 per cent for special stresses, due to
handling on the ground, or the effect of the propeller slip-stream.

. In the calculation of the fuselage the true loah..of the tail unit, wbioh were assumed to- --
be of a lower value, were to be used as follows:

For the average loads on the unit area of the tail surfaces the following values are to be
taken:

●
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I

1-
1

Average surface Icad @g./m.’)
‘-----------------------/ ‘~ti 1 ‘~

The load on the aik.ron surfaces must be taken as 200 kg./m.’
Tlwae dues for the surface load of the tail unit, which are the products of air pressure

air-force coefficient, and the safety factor, are derived entirely from experience. It is interesthqg
to lmow the factors of this product. From the”tabulation of M.unkit can be seen that the value
cd= 0.7, which may be regarded as a high coefllcient for tail units of common shape. Assuming

a safety factor of about 2, a value of ~ for the load must be introduced inta the above tabulation

as the mean air pressure of the class. With a specific density of the air ~=~ kg. see?/m.’, this

wotid correspond to about the foIlowing velocities:

vd&ty(h.hom)-------------------------------------
. i ‘.Rm,.

The speckd emphasis on surface load in German td units has led to the conclusion that
their dimensions were obtained more from the consideration of favorable strength conditions
than from the laws of aerodynamics. The method of construction, characteristic of German
airplanes, namely, short span and long chord, is the result of this tendency. Proposals to
avoid this drawback were not lacking.

It is feasible to base the strength calculfition on the tahmit moment which opposes the
wing moment. It had been shown that the total air force acting on the horizontal stabilizer
and elevator is given by the ratio: .

Q+G

and that the maximum value for k can be taken as:

kmx=L3 -

Although in load case C of the wings, for which this value of k= holds good (no safet~
factor being used in computirqgthe moment), it is well, when calculating for the tail unit, to use
a small safety factor. It is conceivable that in theposition which corresponds to case C, a move-
ment of the rudder may take place involving a higher stress on the tail unit. WW a s&fety
factor of onIy about 50 per cent, the breaking load becomes

in which c has a value of about 2.

The numerous t&s on the eIevator and stabilizer of airphmea which had proven a success .
in service make it possible to det&e the value of the factor C.

In Figure 32 the factor c, obtained from strength teste of a number of military airplane, is
given in relation to the totaI weight G of the airplane. For G aiqjanes the c dues were obtained
by caIcuIation, there being no test data.

. . -----. “. ..-.— ---
-..=—

— .—-

-.—.:-

.. .-. .. ..-----
..=.—------- ~

.

.

—

GoGIV ---------__ ----_ -----_ ------- .-_- G=3,52d kg. C=O.57
Fdh G USA-------------------------- G=4,935 kg. c= 0.725
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With R airplanes from the factory in Staaken the following values were taken from cal-
culated strength tests:

—

Q= 13,000 kg:
.

C=l.36
G= 14,500 kg.

-.
C=l.22

The great variation of the c values is not surprising when it is considered that the strength
of the elevator and stabil@ was found according to @her than the above-mentioned principles

From this tabulation the following general conclusions can be drawn:
(a) Airplanes of similar construction, coming from the same factory or the same designer,

have c values which correspond closely. This is probably due to the aversion to depart from
the tested combination of wing chord, fuselage length, and size of tail units.

3.2

2.8

2.4

2.0

&

@

12

0.8

0.4

0

tY=CGf

.

400 800 16U9 2000
Tcofv/wei@%@.

Fm. M.–Factor c in relationto totalmight G.

- ~b~With lighter airphmes a higher c vahm
can bk”used, a fact which corresponds to the
chim that a better maneuverability and a
higher strength is necessary for this typo of air-
plane, The high c value of the Staaken R
airplanes can be explained by the fact that the
tail units were not built on the basis of a fixed
solace load, but according to the reasoning
which originated from the preconceived migra-
tion of the center of pressure of the air forcw
‘on the wings. The B airplanes of the LVG do
not fall under this head on account of their
large ta-flunits and long fuselages, as likewise
the airplanes of the Pfalz airplane company, on
account of the small size of their tail units.

(c) Since the tabulation gives the result
of. strength tests, which for the most part were
succwsfuI as regards strength requirements and
during which ~xceptional damages were not
evidant, it is obvious that most of the c values
are really higher.

For airplanes simiIar to the old militnry
airplanes in arrangement of wings, center of
gravity, tail unit, maneuvcrabdity, and speed,
the following empirical formula, in considcra- -
tion of paragraph (c), can be written:

.=i).s+s~.

This formula holds good for airplape weights between 800 and 6,000 kg. It is plotted in
Figure 32 and shows that most experimentally obtained c values are lower than those calcu-
lated from the rule.

The .~alue c = Z, taken from the wings of case C, is reached, according to the above formula,
only for the airplane weight of 1,300 kg. The oth&- c values of the formula, especially those
of the strength teds, lie considerably below this .$gure in case of greater airplane vmights.
From this result, it may be concluded that the required wing moment has been taken much.

too high for greater weights. Even for airplanes of less weight the moment appears too high,
since Figure 32. shows that many light airplanes which have given no cause for complaint
regarding strength, poese& small c values. It is therefore at&ely permissible to reduce the
requirements for wing strength, on the basis of experience with the strength of tail unite. .-.
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The limit given above for the unit load on the surface of the tail unit is obtained by the
ratio previously mentioned in the second section of the discussion of the air forces acting upon
the airplane in straight., unaccekrated fLight, the ratio of which must, however, yet be multi-
plied by a safety factor.

—

~; ~ti G.—=— _
c~ F

Q’hFor an airplane of the strength Clsss V, let --= 200 kg./m.2 according to instructions.

Take the unit load on the wing surface as $=50 kg./m.’ and the factor of safety as 2. Then . -—

.
In the section of this report just referred to, different load cases for the wings are proposed.

If the total air force Q~has been obtained in any manner, it is necemmy to use the f~ vrdue ~’h

static load = ultimate strength, for cases A and B, but for cases C and D one-half of that value
must be used. For most airplanes any subdivisiort of the cases is not necessary, and only cases
A and B must be considered.

The stipulations for the strwqgth of the empennage are closely related ta those for the
rudders, the control wires, and their fittings. If the calculation i: based on the rudder load,
all steering parts, down to the hand or foot bar, must take up this load. This requirement often
leads to technical impossibilities in case the rudders, on account of wrong aerodynamic assump-
tions of the distribution of the air forc~, receive greater loads than the aviator can exert. If
the rudder is taken as the origin of the calculation, its strength is decisive for the dimensions of
the steering parts and fittings. W_lthGerman airplanes having balanced rudders, a breaking
load of 80 kg., on the control stick or handwheel, was adopted. With handwheels the force
was thought to act eccentrically and the steering parts were dimensioned accor&ngly. With
every operation of the rudder, a yiekling of the wires and their fittings must be taken into
account. The greatest strength is vcithout due, ifthe steer~~ parts are so fkible that the

.-

rudder can not be operated properly under the heaviest load. In consideration of this powi=
.

bility, instructions were issued that, with fti load on the rudder, it must be possible to deflect
it to either side. .

EL O’JTKER COIWXDERATIONS IN TEE STR13NG!llKOF MRHANES.

(m) TED3 LANDING GEAR.

If the airplane is on the ground, it has to be treated as a rBpidly moving machine. The
wings lose their importance and begin to act onIy with higher rolligg speed or with wind. The
most important part of the Ian@ gem is the truss, which has been developed nearly ew-y-
where in the course of time to the same shape as that in use to-day. It is attached to two
supporting points provided across the fuselage and situated a little in front of the center of gravity
of the airplane. The third supporting point, the tail skid, has to carry a load only when the roll-
ing speed is low. The fuselage between these support~~ points withstands the longitudinal
stresses created by taxiing.

The loads upon the hmding gear depend upon many conditions: airplane weight; mrange-
ment of the trus in reference b the center of gravity of the airplane; wheel diameter and gage
of the wheek; the latter being of the sue importance as the state of the ground and the roiling
wdocity.

The hmding gear and the tail skid have to fulfill a duty independent of that of the wings
and empennage. Both are exposed to heavy shocks, which can lead to damages. Consequently
the following fundamental rule was imerted at an early date, in compliance with the hny
requirements.

The landing gear is not to be a part of the fuselage truss work on account of =posure to
dam8ge.

.-.

.——
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The tail skid is not to be an inner part of the fin work.
It was the intention to eliminate such construction of wings and empennages in which the

supporti of the landing gears were utilized, in order to increme the height of pointe of suspen-
sion, as the security of the landing gear and also the strength of the wings and the empennage
were endangered thereby. With German seaplanes and giant airplanes this requirement could
not be fulfilled. However, precaution was taken ta have wing parts, which at the samo time
were parts of the landing gear, built especially strong so that they would not fail in case of
damage to the landing gear. —

Furthermore, in order to protect the tig structure against damages the folI~wing i~tru-~ - “-
tions were issued.

“Parts which will safeguard the fuselage truss structure must be installed at connections
for landing gesr.”

These safeguarding parts were so designed that they would break under excessive loa~ - -
and thus protect the more valuable parts of the wings and the fuselage. The Rurnpler and
Fokker companies p~duced these saf~arding park very successfully.

Special attention must be given h the springs of the land~g gear, requiriug that in corQ-
- pression or. tension they must hive a range that will prevent reaction shocks or an excessive

.-

elongdion which might R11OWthe propeller to tiuch the ground. Not considering the com-
pression of the pneumatic tires, a length of 10 to 16 D. is required, according to the BLV, M
the correct range for the compression of the springs. The materials used for the springs were
rubber or wire spirals. Both become weak and defective when used a long time, In rcfcrcnco
to instructions as to spring movement, the BLV of 1918 gives the necessary height of tho pro-
peller circle above the ground.

With a tractor propeller the distance of the lower edge of the air screw circle, in case the
wing chord near the body is horizontal, has to be a.tleset 20 cm: from the ground.

With pusher piiipehr the same distance is required in case the tail skid rests on the ground.
Exceptioti dl have to be agreed ~, when tes~ of The typ6 ih question aro made.

In th6 begiimhig similar instructions were given fg air screws witi axis running horizontally.
T@ however, was incorrect, as the position of the air screw when moving over the ground is
dependent on the angle of attack of the wings and their distance from the wheel axis. The
start takes place with a small angle of attack in order b obtain a low wing resistance, thereforo
the position of starting is chosen for tractor propellem in which the wing chord runs horizontally.

x=fi.hfs of ah’ack of fbrc- Bond C
The lower the useful load of an airplane the

greater gan .be @. angle of attack of the wings

&---whartrg”g” ‘Omepu’’tplaneswi’l’w

useful load could be eqrupped, therefore, unth
Ianding gears of lighter weight than is mquircd

FIO.83.--Leadson kmdlng gear. in the above instructions. With airplanes having
pusher p~pellers,” naturally the starting position

of the airplane does not have h be considered .ti stih an extent when determining the height
of the air screw. In these airplanes the position of the dropped tail support is decisive.

Reliable data for the energy absorbed by” the landing gear were obtained from experi-
ment with proven landing gears, in which the follo@ng method was used.

Energy in kilogrsm-mete~ absorbed by landing gear; with pneumatic tires= total weight

of the plane in kg. X 0.18 m. With substitute tires= total weight of the plane in kg. x 0.2fi m.
The average energy taken up by the tires is calculated accordingly, with full weight of the

airplane in kg, x .08 m. For substitute tires,”inwhich the spring effect wee seldom appreciable,
it was generally assumed that no energy was absorbed.
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It is diflicult to determine the direction and magnitude of the forces acting upon the
landing gear. Forces on successful landing gears were studied, and as a residt the three follow-
ing load cases vrere assumed (see fig. 33]:

Upward force at one side (force A);
Longitudinal force from front at one side (force B); and
Lateral force at-one side (force C).

The forces A and B as welI as A and C have to be assumed as acting simultaneously.
The assumption, however; is only a little more severe than if all forces are taken as acting
simultaneously. According to the BLV of 1918, at least the load factors (the static wheel

-.

load) (with t~o-wheel aiI@anes and half the airplane weight)
lation have to be considered:

i == FtiF :& !
w. ;

as giVSnin .ti fobwi.ng tabu-
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The instructions for haling gears can also be applied for the tail skid and for the addi-
tional seconchucy wheels in front of the main wheels as used by some of the giant airpkmes.
The BLV of 1918 require also that when calculating the energy, the landing shocks of the sus-
pended or rolling Iancling gear have to be taken igto consideration. These instructions did

—-.-

not determine the magnitude of the Ioads. They took the place of the rule laid down in the
BLV of 1916, which could not be applied to many airpkmes ahd which mentioned that the
energy taken up by the tail skid ahotid be equal to at least one-eighth of that of the landing
gear.

(b)TEEFUSELAGE.

The airplane fuselage carries the pitching surfacea as well as the fuel and the crew. It
serves also as connecting member between the wings and empennage. It has to be stiff enough
to resist bending or twisting and of sticient strength to withstand landing shocks. The
important military arrangements for observation, attack, and defense recpire numerous open-

——

ings detrimental to the strength of the fusehge. Every opening necessitates a careful exi.mina-
tion as to its weakening eftect upon the fusehge structure. The BLV dananded adequate
strength at the rim of these openings.

All loads must be connected securely b the fuselage structure, especially in the installation
of the engines when arranged between the winga ~d resting on the hmding gear.

Damage to the power plant when propeIler parts fly off, etc., can also affect the wing
structure, and to prevent this it was required that the fusehge parts which support the engine
should not be cunneoted to the wings direct, and moreover, engines between the winga are
not to be instalIed in the supporting wings thenywlvw.

The arrangement of the engine supper@ accord@ to b BLV, had ~ be made so that _
-.

shocks -would be trammitted uniformIy to the engine and that changes in the shape of the
—

fuselage or the wings were not to affect the engine. A shifting of the engim on ita base, especially
when the airplane tilts, was to be made impossible.

.

This decision was made especiaUy to protect the crew in airpkmes with engines arranged
in the rear. It was also of hportance for engines in front, in regard to the safety of the crew.

Aside from this, mother ditliculty was experienced with pursuit planes of the lighter
type in that the mechanics when working on the airplane would damage important parts of
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the fuselage which might afterwards cause a rupture of the fuselage while in the air. To avoid
accidents of this sort it was required that sullicierit.supporting points, without decreasing the
strength of the fuselage, should be arranged and equipped with handles where necessary.

Further instructions of the BLV were: When lying upside down upon the ground aflsr .
nosing over it must be made possible for the crew k escape from the airplane quickly. This
caused an investigation as to-the strength and aptness of king posts, wings, and other arrange- ~
ments necessary as k protection for the crew. A weight six times that of the fuselage was
considered as acting from above, and calculations were rondo accordingly. With very many
types of airplanes the upper wing and the tail plane served in a measure as a safeguard for tlm
crew when the airplane capsized, .

The tit calculations of the fuselage wore based upon the full lords on the elevators “andthe
tail plane, taken separately, and half their combined 10IMIs.

The load for the strength calculation of the fusehige, according to BLV of 1918, inclwlcd
the loads on the empennage acting simultaneously and k fuJl magnitude. This requirement

—

is very severe and is justified only in war airplanes for aerial fighting, where tiolent airplane
movements are experienced and which act upon rudder and elc-rater at the same time, These
loads do not have to. be regarded M stand~d for commercial airplanes, when it is necessary
to avoid the generally insignificant increase in load due to the dimensions obtained by calcula-
tion from the simultaneous full load on the empennage.

.—

Ordinarily the wings are connected to the struts.belonging to the fuselage. The wing shupo
can not be altered very much, so the best possible ri~d structure is necessary.

.—

The compartment for the occupants must be built..strongerthan the adjoining parts to insure
additional safety. Wooden parks, on account of splintering, must have coverings of somo sort.
This method is of value only when the covering material is of sufficient strength. The loads
on the seats, according to BLV of 1918, with due consideration for the effect of inertia, aro to
be assumed.according to the follow@ values:

Class I ~nd II, at least 20.0kg,
Class 111 and IV, at least 300 kg.
C1assIT, at least 400 kg.

Besides this, it is required that the strapping arrangement provided sha~ be connected
to the fuselage in a manner that it will safely withstand a tension of 300 kg.

-.

With commercial airplanes, which are no~ to be exposed to violent movements, this require-
ment is for the pilot only. The pilot is to have, in addition to this strapping, a reliable foot sup-
port for use whW making sudden and.precipitated lW~ings. Tho BLV required, therefore, that
the foot steming gear should withstand a force of 300.kg. upon either side, distributing sanm to
the connections of the fuselage.

Special care has h be given to the connectio~gf the fu~l tanks. As to tho qrrangem6nt
of filled tanks, accurding to the’ BLV of 1918, the following factors for filled rescrvo’irs aro to be
used in the direction of the axis running parallel as well as perpendicular to the longitudinal
axis of the airplane:

Class I and 11, 8. .— ,.-

Class III, 15.
Class IV and V, 20.

This sevme requirement was reasonable only if”the tanks should also withstand the effect ,., _
of inertia due to the liquid, without leaking. The requirement is the result of accidents in
landing, where the exploding fuel tank, often located under the pilot’s seat in German airplanes,
had killed the occupants. The remarkably high load factor of the upper class could be required,
as their use did not cause structural dif%culticm ‘iTijh airplanes to which this does not apply,
the strictness of the requirement can probnbly be lessened without giving any chance for danger.
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IV. ANALYSIS OF TEE STRENGTHQUALITIESOF TEE BUJLUING MATIIBIAM.

Reliable knowledge of the prevailing loads and of the strength qualities of the building
material is of equal importsmce in safe calculations of strength. The manufacturer of airplanes
finds in the numerous test methods of the materials, introduced in other technical lims, newly
everything he needs. He has to be assured, however, that the working outtlt is equipped with
the very best testing tools and wiIl guarantee the production and use of uniform raw buikling
materials.

The German airphme industry still has no standard rules for the qualities of the materials
like those of foreign cmmtri~ pub~hed by the Idernational Aircraft Standard Boards.

This need not be surprising, considering that the output of airphmes during the war had been
developed to such an extent that towmd the end about 2,oOOairpkmeswere being made monthly.
Forced by necessity, the requirements for qutdity were lowered, but in so doing mtmy good
discoveries were made. While good airplme factories before the war thought that the wing
spars could be made only of American sibrerspruce, sanctioned by tradition from the time of the
Wright airplane, or, if that were not available, ash could be used. They learned aft-erwds,
however, that German coniferous woods could be used just es well. To-day there is no necessity
for using imported timbers in German airphnce construction. When good bmch veneer became
rare, thos~ of alder wood and aspen trees were used, altho~mhnot with the same succEs.

In the begiming the use of seand= drawn steel tubing was thought absolutely necessary.
When it was impossible to furnish enough seamless drmvn tubing it was soon found that for many
purposes welded tubing could be used. It became gecessaryl .wreral times, to Iower the speci-
fications for steel and other materials. This caused the pessimists of the country to predict a
smous reduction in strength and a consequent loss of the war.

In spite of the conditions unfavorable to the development of standards, some experience
which can be utiIized in passe~oer airplanes was of due and should be recurded.

(,) ‘rr?4mR.
The BLV of 1918 required that:
The timber to be us~d must be dry and of besi quality. Wood used for spars, stays, and

struts must be seasoned and at least one year old. For a better drying effect, tlie wood must
remain until it can be worked, either for thee weeks in ventilated wti workroom or for six
days in a drying room. A too rapid drying is detrimental to the wood. Special attention must
be paid tQ the direction of the grain (deviations of more than 7° to 10° in any direction are not
allowed). The wood has to be free from lmots, cracks, and resin glands. It may have a Iight
blue color in a few small spots, but with greater and darlier blue-colored spots it becomw tit
for airplanes. Timber with other defects, even to the smallest extent, such as “Rotf5ule,”
mildew, dry-rot, and dead resin ghmds, is to be excluded. Timber with too many resin glands
is unfit as it cracks too eady in the veins and the glue do-not adhere to it sufficiently.

Strong clear-grained timber of ash, &, and pine is to be preferred, and the use of meager
wood must be avoided. Special attention must be paid to strong grains. Timber cut in the
year favorable to its growth is to be preferred; but when selecting, the relation between the
strong winter cells and the soft spring cells, in the annual wingszwill determine fitness, the ratio
being about 2:3.

The use of fdl”piece wood, not weatherproof, or weak timber such as poplar or alder wood,
k prohibited. As to use of foreign timber, special permission must be obtained. Regarding
domwtic timber, the use of ash, p~e, h, linden, and hcust wood is allowed; alder wood and
birch are to be used in ply wood only.

Plywood to be used for airplane work must be made especially and stamped and classified
by the manufacturer. For aiqdane parts sybject to heavy strain (spars, ribs, etc.) plywood
designated for this purplse must be used. The plywood must be water-tight and consist of joint-

~%1
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less round wood veneer. The thiclmess in the centerpiece must be nearly the same as outer
piecw. Every sheet of ply wood must be tested.

The gluing togethar of solid timber or of ply wood to solid timber must be done by the cold
ghhg promw, which must be allowed to dry at least 24 hours under clamp pressure beforo it
oan be worked. Hide glue is allowed only when the glued part is properly warmed during the
manufacturing process and when completely covered by other wood or by waterproof material,
so that the dampness can not reach it.

Highly strained and bent parta are to be made of single strips, glued together and brought
into bent shape by pressure. Glue, in corners of parts joined together, is not to be removed.
No foreign material such as linen is allowed between glue and wood.

The surface of the timber must be made durable under the efTectof the weath~, especially
at the glued portion. The wood on the outside must be painted with spar varnish.

As to construction of wooden parts, the following-recommendations were received varbally
from the BLV in 1918, and are quoted as follows:

Spars, longerons, and struts must not be drilled through, if it can possibly be avoided.
Where hol~ me absolutely necessary for bolts, a reinforcenmnt of some kind must be. used.
Every reinforcement must be enlarged at the end or rounded off so that the attacking forces
will be distributed. The total cross-section of the reinforcements must equal that of the hole.
The pierced member must be sheathed in order to prevaut splitting.

Spars, longerons, and struts must not be made out of one single full piece, but must always
be glued together lengthwise out of at least two pieces and in such a way that the forces acting
in the wood are balanced, i. e., the right side has to be glued in such a manner to the right side
of the other part, that heartwood touches heartwood and sapwood touches sapwood. Under
all circumstances the holsa must be bored with a boring jig before erection.

Splices must be in the form of a wedge (scarf joint) having a slope of 1 to 12 and glued
togethar. The direction of the forces, when a splice is used, must be parallel to the surface of
the sIope. Splicings in adjacent membem must be separated by a distance equal at least to one
splice in length. Splicing must not be used at points subj~t to strain, but must be arranged as
shown on tha working drawings. If channeled pieces are to be spliced, the channeling must be
omitted at points where the splicing occurs and also for a distance of 5 cm. to either side of the
splice. when parallel members are glued together thiiha~~% mILY”b~con~ued ~ poriio~
of one member opposite the splicing in the other.

Plywood must be overlapped a distance equal to at least 25 times its thickness, and in no
case less than 40 mni. An exception to this will require special permission.

Wrapping or covering is required for all wooden parta near seats as a protection against
possible injury from splintering (plywood fuselage covering WCepted) and also for landing
gear struts.

AU spars, longerons, and strute must be securely joined by shoos, sockets, or receses against
moving or turning.

‘ This extract from the BLV of 1918 requires no ex@anation. Instructions regarding
foreign timber and the stamping of plywood were made for war purposes and are to-day of no
value on account of the small output. Tests on spliced spars determined that routing could
be continued through the splice. Although this resultl confirmed in other ways, favors thoroug-

hgoing channeling, it must be dearly understood that the saving in weight is generally insig-
nificant and that this continuous chszmel is justfied only as a manufacturing necessity.

A satisfactory strength and elasticity factor for calculations of timber can be obtained
only through frequegt tests. Samples of wood which are to be used for members subject to
compression and bending must first be tested in accordance with instructions given in the
BLV of 1918, as follows:

A section of spar corresponding in length to one compression bay is loaded eccentrically
by the force S at the distance a.

.
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The eccentricities are chosen ta give the equation:

Jf &a
mu= 18

(r)‘s~lv
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In this formula B is assumed as 140,000 kg./m? and M~ IISto the value obtained from
rough calculation.

A more exact value for E ia obtained from the greatest deflection measured at the middle
of the spar with a breaking load on the strut (fig. 34), according to the equation:

d–Cos; % 1.ON “
max

a
s Gi%x

-Ea–._ 1
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(b) %fETAIS.

The chief property required in sheet metaI for airplane construction is high tensile strength.
It must also endure bending whfte cdd and weld autogenouaIy. Eigh strength vahys are
genedy not as important as ductility, requiring at least 20 per cent elongation.

The BLV of 1918 required that plates less than 1 mm. thick must not be welded when
used in members subject to heavy stresses. In the case of membem under tension wekling
is forbidden.

The requirement of the BLV very often was not followed, and yet no trouble was expe-
rienced; the Fokker airpkmefactory, for instance, sent many hundreds of airphmes to the battle-
field without experiencing any accidents. Welding depends kwgely upon the abili~ of the
workmen and is admissible only when done by competent welders.

Joints at important points of cables in tension were made by splicing the several strauds.
This material wss given prefemmce over single wires, and wss frequently used in England on
account of ‘its flexibility and the advantage afforded for the formation of ey-

The strength of a single strand of this cable must not be taken too high, due to its brittlen-
ess. Strength values of 200 and 220 kg.@n?, with an elongation of 1 per cent for single
wires have been used successfully. The ekd.ic qualities of the cables depend upon the pre-
oeding tat, but are to be carefully verfied through stmmgth calculations. Such cables which
are used for the oontroIs and sre run over ptieys were given a lower streugth value. It was
thought neoesssry in this connection that the si@e wires should have a strength of 180 to 200
kg.@n.’ and an elongation of 2 per cent. In fusdsge and wing structures and in fitiework
which is SeIdom disassembled, wires of the folIowiug properties were used: Strength valuw

of 140 to 160 kg+nm.z with an elongation of 5 per cen~
In the construction of German airplanes the use of duralumin beoame more general. This

alloy, consisting chiefly of aluminum, was acid under the name of durshunin by the Diiren
Metal Co., Ditren (Rheinlsnd), and also as Berg-metal by Csrl Berg, Eveking (WdhkrO. ‘

Its composition, besides certain impuritiw, ia:
Aluminum, 9~5 b 93.2 per cent.
Magnesium, 0.5 per cent.
Copper, 3.5 to 5.5 per cent.
Manganese, 0.5 to 0.8 per cent.

—.
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A mixture of lead, tin, and zinc unfavorable to durability, are not contained in duralumin.
The specific gravity, according to the alloy and hardness, is 2.76 and 2.84. The qualities of
duralumin depend largely upon treatment while it is warm, during the process of manufacture,
and while it is being worked. Its strength value is about 35 to 40 kg./mm.2, and the elonga-
tion about 10 b 15 pSr Ce?lt. The elongation limit value is very high, about 28 to 32 kg.@m.’
The modulus of elasticity is about 600,000 to 700,000-~;/cm3 Sheete of duralumin, especially
when about 1 mm-thick, axe very brittle and sensitive to frequent bending. Plates which are
exposed to vibration s,houldnot, therefore, be made of duralumin. For”shwctural parts which
are subject to a heat of more than 100° while being worked the use of .duralumin can not be
recommended; in fact, it would be dangerous. Cold doea not have a bad effect upon duralumin.
Working parts which are smnealedin order to facilitate machining are afterwards heat treated
and restored to the original qualities. Duralurnin cm be brought in contact with iron or steel
without danger of electrical decomposition.

For less important %truct.ual parts a very light alloy composed of magnesia and aluminum,
“electron,” manufactured by the Chemical Works, Gri~heim, has been used. With electron
the difficulties are the liability of fie in the turnings and also its inconsistency under weather
conditions, the latter being remedied. only by use of .a very good varnish. Electron in larger
and more solid pieces, however, is fireproof. . .

(c) FABRICS.

These materials were nearly standardized. The specifications originating during the first ,
year of the -war,and maintained thoughout, c@ed for a tanailestrength parallel to the spars of
at least 1,000 kg./m.l and parallel to the ribs of not lW than 700 kg./m. before doping. As
the woof is stronger than the warp, the woof is usually placed parallel to t.lmspars and the
warp parallel to the ribs.

.-

As soon as the impregnated material placed over the ribs became ~, the doped fabric took
up the main tension. The more the elastic properties.of the material approaches that of the
doped, the greater.will be the tension carried by the-fabric. Therefore, the elastic value of the
fabric must be kept very low. Prior to 1918 it was @ rule that the elongation of the unimpreg-
nated material should not’ exceed 7 per cent and that the doped fab~c must yield ta an elonga-
tion of 2 per cent without cracking the dope ti.

A. Prollin numerous teetsbaaed uponprevioue investigations by Hatwand Dietzius,published
by the ZFM and the TB, took up the matter of requirements for fabrics and doping materials.

He-came to the conclusion that, for an airplane with a factor of safety of 5, the maximum
StiS exerted on the most subjected portion of ~ COV~@g~~der the most ~avorab~e con- ,
ditione, @l be 700 to 800 kg./m.

It k preferable to calculate for fabrics on the basis of a factor of safety of from 6 to 8, so that
a tensile strength of 900 to 1)200kg./m. can be assumed for the doped material As the strength
of the raw materials used up to the present time imre.asw from about 40 to 75 per cent if coated
five times, giving the doped material therefore a s@eugth of about 1,600 to 1,800 kg./m., it is
feasible to take the strength of the raw material below the adopted figure of 70CJb 800 kg,/m.
It can not be said se yet how much below that fig~e the strength can be taken, as camnercial
airplanes are using a somewhat higher specific load upon the surface of the fabrics, which are
also exposed to longer and more violent weather COnditiO~th~ those of tie airpluw used in
the war. Uo, in the case of afiplanw not properly cared for, the breaking of the dope b,
which reducm the strength of the fabric about a hrdfj must be taken into account.

The fastening off abric to the ribs requirm spe~isI attention. In Germany the material at
first was only nailed to the ribs, but later on sewing wti required at this point, The seams
were made in such a way that they could not become undone, even if the thread should break.
The pieces of fabric are joined lengthwise, or parallel to the woof, in order to maintain at least
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the strength of the fabric alone. According to the BLV, this is accomplished by use of carefully
sewn flat seams and by gluing strips of material over the seams.

Important investigations as to serenewere conducted by Grilter, as given in the ZFM.

1’. CALCULATEDSTRENGTHOF AIRPLANE%

The basis of the strength analysis is the exact lmowledge of the total airplane weight.
The Flz had as their guide the following instructions, taken from the BLV of 1918:

me tutd tieight of h atiphnt? corL&i% of the dead and the u8efd .kfs.-The useful load is
given in accordance with requirements of the Army, as follows:

Occupants with equipment, fuel and oil (with the exception of the oiI in the engine housing),
bombs, arms with ammunition, radio apparatus, cameras, and special instruments which are
not rigidly installed.

AU other weights are contained in the dead load of the airplane, such as cooling water, bomb-
ing mechanism,’fastenings for arms and wireless apparatus, the Iatkw receiving special mention.

The requirements further state that the airplane can be Loaded to the l@ghest peti~ble
overload above the stipulated useful load, but this does not apply when figuring strength.

This subdivision was made in accordance with the needs of the troops intending to obtain
ble overload was given so that whena wider range of possible loadings. The highest permisai

used in calculations of strength an airplane would be placed in a lower calculated elm. This
couId be done with most of the airplaneswithout hesitancy, if atkntion were paid k the fact that
during the flight with an overload only those flight evolutions are made which corrwpond to the
lower class.

With commercial airplanes the requirements are difhrent. It is not advisabIe that pilot,
fuel, and oiI be counted as “useful load,” as this will lead to difhculties in the adjustment taritl
and customs. The introduction of the o~erload cieates difllculties in obtaining insurance, as
the insurance companies are inclined tQ consider the safety of airplanes as generally more
endangered. For commercial airpkmes the following tabulation is given, in which the “ addi-
tional Ioad” is an approximate substitute for the “useful load” used for Army airplanes.

Dead load (weight of the finiehed airplane, including the ~tial wces&eE and equipment,
without fuel, water,etc.).

CsefuIload(weightof the crew, of the detached equipment and the fuel (water, fiIel, and oil,
with full tanks), and weight of pse.engem aud baggage).

Full load (total weight of airphnewiti maximum authorized had).

The actual airplane weight can be obtained oily hy m.ighing the finished airpkme. It will
always be possible, however, to determine with sufficient accuracy, from the plans upon which
new types are built, the weight of the useful load, ballast, power plant, fusel~ge, wingg, equip-
ment, etc., and also the total might of the airplane.

The totaI airplane weight, the moments of inertia, the horsepower, and the specfic surface
load all determine the selection and classification of the airphme. The load l.bnitaproposed in
the BLV of 1918 are:

.... . . .. . . —. ——.
CkL5s. 1. TotaIlosd (k@.

+ ‘“’d(’)” “
i ova5,m -------------------------------------------------------
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These figures also give an idea as to weights for commercial airplanes if the so-called addi-
tional had is substituted for the USefd load. Many specialists advocate ‘thebuilding of commer-
cial airplanes with hQher load factors. The writer, however, is of a different opinion, as greater
load factors necessitate. a strengthening of all parts, which is not necessary for commercial
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airplanes, as they are never subjected to the same fight stresses as those experienced by the old
war airplanea. If, on the other hand, it should be .~ecided to strengthen only the members
which are subjected to the greatest stresses, the requirements for commercial airplanes would
probably be better met. This, however, would place the airplane in a lower class.

After performing the fist part of a strength cd.culation, i. e., determining the total load
and the various other loads and the calculation class, the moments on the wings, the empennage,
the fuselage, the landing gear, the steering mechanism, and other structural parts must be com-
puted in accordance with instructions in Sections 11 and HI. These latter resultswill give the
basis for the strength calculation.

The distribution of the loads on the wings must be considered separately for each of the
four load cases. The loads in this case do not iimlude the nveight of the wings, as it is nearly
always assumed that the wings carry themselves. The wings are considered as a load only in
casea where the relative position of the power unit is such as to make the wings a part of its
structural support,

After determining the general distribution of. the loads on the wing surfaces, the load upon
ribs and spars aredetermined. The strassesat the joints of the cells must be taken first, however,
with the assumption that the joints wiIl operah in any direction. To attain a more accurati
calculation it is advisable to reconsider the assumed loads in accordance with Clapeyron’s
formulas: In this process the strut forces are sufficiently determined. The graphic or analytic
method can also be used.

J, Ratzersdorfer published recently a useful tabulation of literary works relative to German
and Austrian airplsmestatics.

A. von Griea, who succeeded in developing the department of airplane statics in FIz” to
such an extent as to make it a great institution, and who w~ its head until the summer of 1917,
has published many experiences gained in”this capacity in a book entitled “Airplane Statica,”
the reading of which would undoubtedly be worth while.

Messrs.Bethge Wd Lewe are preparing a book on airplane statics which wilI be issued under.
the title “Manual of Airplane Statica.” This work was edited by a former cmnmandcr of the I?lz,
Maj. E. Wagenfiibr, with the assistance of Department of Aircraft and Motor Cars. It is not
the purpose of this paper to deal with airplane statics. The references me made merely h show
imidmtally the development of airplane statics.

The structure of the w@s is statically indeterminate for most part. Tho forces on tho
compression ribs are also considered, according to Re@sner’s. proposal, as statically indet.or-
minate values. The equations of elasticity effect hdmarily the main wires and the conl-
pression ribs only, the elongation and bending stress% in the spars and struts being neglected
on account of their small magnitude. The attachments for wings are genwally considmcd
to be rigid. For airplane with many openings in the fuselage, this assumption is not to be
taken as absolutely correct. The resulting nonrigidness possible in this case must be thoroughly
investigated. If the forces axe determined according to the method for statically inddor-
minate structures, the calculation of the stresses in the wing structure, spare exceptwl, is not
difiicult. .

The sizes of the antilift or landing wirw obtained from the wing calculations are for classes
III to V oily; or, in other words, a load equal to six times that of @e wings must bo uacd.
Experience has taught that the section of these wires should not be less than 70 per cent of
the correspond~~ lift wires. This comparison must_be made in determining this section.

Until the outbreak of the war it was considered sufficient to assume the spars to be flexible.
Tlis was correct for the spars with strongly reinforced joints and fittings. The breaking stresses
and cross loads were determined by the following simple equation:
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where:s = (cm.) the free length of the spar.
g= (kg./m.) the cross load on the spar.
P= (kg.) the pressure Iengthtie.
E= (kg./cm:) the mcchdus of elasticity.
1- (cm:) the moment of inertia of the section.

ll%h the encouragement of the WGL, H. Reissmer and E. Schwerin made investigations
as ta strength formulas for airplane spare, and the results ware cnnf3dentially distributed in
the summer of 1916 to the German airplane factm-k and recommended as instructions for the
calculation of spars. Reissner and Schwerin used the formulas published by 3iWkr-Breslau
for a girder exposed to pressure and cross load and doubly supported, with a definite force
acting upon either end.

This important work of 31iiller-Breslau has become a gene@ thmrem in airphme statics.
As this publication is out of print, the theorks are given in Part VIII (3). Special attention
is called to the figures obtained from the FIz tabulations giving 7 vaks which are absolutely
necessary for the spar calculation. The vahes are for continuous spars resting on several
supports and are divided inta equations which can be called enlarged C?lapeyron’sformulas.

The correct application of this equation is of particular importance in dekrminbg the
strength of the spars. Uniform stren@ in all spar bays is possible oqIy for equal values of a
in each bay. In this case inflection points occur at the strut points, and the moments there
become zero. Usually the strength varies from bay to bay, and the inflection points do not
come at the points of support. The buckling strength can then be determined in the following
way, neglecting transverse loads; the determinant of the denominator correspondbqg to the
values of # for the different bays must be examined for increasing vahms of the load factor.
When the determinant ‘of the denominate first becomes zero the weakest bay faiIs. For further
increases in the load fact-or, the determinant of the denominator is either great= or 1sss than
zero until the second weakest bay fails, etc. The investigations of the determinant of the
denominator for various load factors is necessary, as any result other than zero means either
surety sgainst faikre or overlapping of the safety rangy of two bays.,

The determinations of the zero value of the determinant of the denominator are oily cor-
rect if the modulus of ehisticity under all stressesis unchanged. This, however, doss not happen.
The FIz therefore recommended in the BLV of 1918 the use in the strength calculation of a
modulus of elasticity obtained from raw mataria.1tested nearly to the point of faihre. The
modulus of ehsticity at the breal@ point is smaller than that for lower stresses. c!onse-
quentIy, the calculations made with smaller load factors not so near to the breaking point
resulted in greater deflections and higher stresses, which in reality do ~ot exist. This condition
is a great disadvantage for checking experimentdy the deflections of the spars, which me found
to be smalkw than those cumputed with the modulus of elasticity at the breaking point. As
the Flz has made, regularly, tests on wing strengti up to the breaking point and tiding the
results compare with those computed with breaking loads, less consideration was given to
this point. When the costs involved in the regular breal@g strength tests made them pro-
hibitive, greatw attention was given to calculat.ioqs,using smalkr load fact?rs and their modulus
of elasticity.

.4s the strength calculations of wings are very exta.nsive aud consume a great deal of
time, only fornydas can be used in which the load factor is such as to permit a retesting of the
wing by sand Ioading without causing any damage to the structure. During flight about half
the value of the structural strength load is experienced. Such loads are of short duration,
however, but in a test the load is s~tained for a considerable length of time; therefore a load
factor of 40 per cent of the highest factor is recommended for sand tesh.

Those structural parts which h a great extent me exposed to damage in shipping, erection,
and repairing must have, according to JILV of 1918, a strength that will withstand an excessive
stress of 200 kg.

.

—

.—
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~is applies especially to struts, cables, ivires, turnbuckles, and connections for wing
wires. When requiring an equally excessive strength for all structural parts, regardlessof size
or dimensions, an exception may be made in the case of parts which on account of their dimen-
sions are subject to less severe stresses.

According to BLV of 1918, the longitudinal for~for struts must not only be lower than
the value for Euler’s failing load, but must be lass thau half the breaking load. This involves
a guaranty that the deflection d- not 6xceed one two-hundredths of the strut length under
a load equal to half the break~ load.

This requirement is ahvap fulfilled if the following lengths (cm.) doee not exceed: s-A+
~m

.. . —

where

E h;A=m

B-10 ~ i%; and

E (kg. / cm.z) =mod~ua of elasticity;
Kb (kg.fmc.’) = ultimate stress in bending, depending only on the quality of the material; and

h (cm.)= distance between the extreme fibers;
i (cm,)= the radius of gyration, depending only on the geometrical section.

The precaution adopted by MiiIler-Bredau is necassary, as the initial tension of the caMes,
in order to obtain a rigid wing structure, is sometim~ of greater importance than the air forces
themselves. As long as no method was known by which the initial tension could be independent
of rigging strains, the danger of overtightening is especially great for the weaker outer struts.

If the length of the compression members is so ihort that Euler’s failing stress rule does -
not apply, the Tetmayer formula must be used according to BLV of 1918. This occurs if the

section of the strut has a radius of gyration such that ~ amounts to 105 for steel and to 110 for

timber.
According to BLV of 1918, fittings, plates, connections, turnbuckles, and other parts

dii3icult to replace, are to be designed with greater sgength than their connecting wirm, so as
to make it possible in case of accident to salvage these parts.

VL STRENGTHTESTSOF AIRPLANES.

The practical teste of airplane strength must prove that the loads muhiplied by the load
factors for a certain safety CISSSare taken up by the structural parta of the plane. As has been
explained in the introduction, Part I, the DVL of Germany had worked out the list fundamcnt.al
rules for such strength trots. The production of reIiable types of airpIanes for the Aviation
Corps induced the Flz to maintain a specially well-fitted testing station in which wings, fu,sohige,
empennage, steeringmechanism, land~ gears, and important interior structurm of all B, C, D,
and E airplanw, as well as of some G planes could be invmtigated. The test methods used for
about 2,OOOwings and about 200 airplanes are described in the following paragraphs:

(a) WINGS.

The wing test is the most important and oldest of strength tests and was. considered as
standard until stress analysis was required by the authorities. When the BLV of 1916 was
issued the instructions were given for strength tests. Through a systematic study of the
weakwt structural parts and by increasing their strength in later designs, the actual strength
of the wings was successfully brought above that of required failing limit. This increase in
wing strength meant the raising of the specifications which had to be Iollowed in the construc-
tion of wings, This TWMjustified, however, as-the materials, becoming more inferior toward
the end of the war, made it desirable to have higher structural safety.
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When the BLV of 1918 was comp~eted the dts from strength tads of wings, up to that
time, were compiled. Acaording to this issue a wing test had to determine not ody the load
factor required for wing calculation but also the fracture which would happen titer a load
hmit was reached. This condition, affecting parts used as reimforcemsnts, was not considered
in former calculations. k previoudy stated, the wing fabric covering the leading and trailing
edgw and extending from rib to rib had a stiffening effect on the structure which, especially
in medium4zed airphums, ccndd become considerable. The ma.gpitude of this effect is -tit
to determine.

With the more recent typ of airplanes, hawing a leading edge constructed of plywood
secured to the spars, this incre~e in stiffness will be greater; while with large wings, it is 1=
apparent.

According to the BVL of 1918, the following table for the sticergth test of wings was con-
sidered as conclusive:

Loadfactm for strength testt.

pge#Pg

I

~
Class No.

dwe). @%eY.
I

~e~ %&s’-

1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ---------- ------------- . . . . . . . . . . 4.0 2.5

IT

1. z -------- .-
. . . . . . . . . . . . . . . -------- ------------ -------- -------- -------------- - 48 2.6 1.5 . . . . . . . . . .

::I----------------------------------------------------------------- 5.5 3.2 1.75 2.8
I\'----------------------------------------------------------------- 5.8 3.9’ ;: 2.8
Y------------------------------------------------------------------ 6.5 4.0 - 3.5

d

The DWL published in 1916 the methods used to tad the strength of mingg. At that time
they conducted an investiga~ion correspond@ only to about a case A of to-clay. The idea
for producing an imitation of the natural air forces is folbwed somewhat, even today.

The wings have to be taken as self-supporting; therefore a single Ioad must be introduced,
minus the weight of the wings Qr (kg.), as weight G (kg.) of ke airplane. In stiength tits of
wingmthe air forces are represented by sand loads. The winga for this reason have to be sus-
pended upside dowu. The weight of the wings therefore ach as a load on the wingg. The
required load factor V is therefore associated with the above-mentioned quantiti~ in the follow-
ing relation:

P+G, and -
v=>

.
P= V ((7-G,) –Gr.

Here F’ (kg.) equals the test load to be dMr.ibuted over the wings. In this load the weight
of alI parts which are to be attached to the wingg must be included and the load distributed in
accordance with instructions regarding air distribution over upper and lower wings (Pt. 1).

The arrargernent of the sand loads in layers reproduces the magnitude of the air forces
and in the adjustment of the mgle of the w@ chord the direction of the wing forces are repro-
duced, the height of the sand pfle being inaiggcant in this case. Test sand of a 1.67 kg./m.
weight requires for a speoMc surface load of 40 kg./m.x with V= 5 a mean heighttof onIy 12 cm.
This low height of the sand renders if dMcuIt to demonstrate clearly the air forces.

Several imxilisry methods have been tried for erecting a sand pile. Frames couId not
be used, as they would require a small load@ pressure upon wings, and furthermore they
could not cIear the obstructions at joining points or conform to wingg of different chord Iengths.
Frames of a width equal to the wing chord and with a plan construction coinciding with the
linear shape of the sand hill and with a capacity corresponding to the lateral distribution of the
sand would have to be constructed specially for each wing shape. Neither can they be used
for wings of varying chord length, as they are diflicult to manipulate and require considerable
time for making the test.

—.-
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The most adequate test method proved to be a subdivision of the wing span into areas
subject to equal loads. This test method has the pfactical advantage in that the same meas-
uring weights are always applied and th~t buckets having the same standard capacity could
be used. This area distribution is indicated by partitions erected upon the surface in such a
way M not to strengthen the wing structure (fig. 35).

The corresponding areas to the right find to the left on the upper and lower wings are
given the same consecutive number, and when the @t is made they are called off by tho test
assistant. In apportioning the diflerent loads on thQwing tips of the uppm and lower wings
and on the unequalIy shaped portions a ditlerent size and omission of areas is required in tho
proper rotation. The wing loading is done und~ @e directions and supervision of a tinting
assistant, who is seated in a position which enables him to observe the entire proceduxe. The
sand is placed simultaneously into the areas of the-same number, thus maintaining an equal
load distribution, The distribution of the sand in the direction of the wing chord is done with
“rakes in the hands of especially trained assistants.

During the war it was customary to use a complete airplane for wing tests. This method
was advantageous in that the important fuselage joints and the wings were tested at the same
time, and in this way accidents could more readily be avoided. Furthermore, tho funda-
mental mistakes in construction could be accounted for more easily in the breaking of both
wings simultaneously than in the breaking of one. The tast on both sides is, of course, more
expensive than the one-sided test; so if a considerable saving in cost is necessary, tho tasting of
one side is to be employed (see fig. 35). The structure in this case consists of heavy structural
steel, with attachments and joints for the wings similar to those on the fuselage of an airplane.
The construction of these attaclurmte and joints, however, is always a special technical task
and frequently is powible only with new designs which are not as yet in use on an airplane.
The additional cost, however, does not equal that of the two-sided test. The one-sided method
does not, of course, test the fuselage structure, but this can be done with a testing machine for
that purpose. With due consideration for the preceding statements, the one-sided test has its
advantages, in that the dkicovered failuro of defects can be remedied in the other wing, thereby
preventing a similar failure,

In cases A and D the conditions representing the air forces can be harmonized without
special diEicuIty.

The wing chord in case A is in a horizontal position, while in case D it is inclined 1:4.
The wing test of the Fok E V (G= 610 kg.; G,= 73 kg.) for case A is shown in Figure 36.

With a load of 190 per cent of the required fivefo~d load, that is h say, with 9* tirncs the sand
load (about 5,050 Q,), a failure occurred h the right wing at a distance of 1.85 m. from tho
center of the fuselage and also in the left wing at a distance of 1.15 m. from tho same point.

For cas6s B and C, in which the air forces are M@ but opposite to each other, a repro-
duction of the forces is d.i.flicult. For case B the representation of the air forces, acting upon
tha leading edge of the wing from above, is neglected. T@ sand is placed exceodin~ly frir
back on the wing, so that the resultant of the air forces is correct. If the ribs can be regarded
as sufficiently rigid, the supporting surfaces of the wing (but not the Mbs) receive a loading
which produces the correct result. The air forces acting in the opposite direction aro not
reproduced, and as a result the ribs are overloaded at the trailing edge. In consequence of
this wrong method of testing, the trailing end of the rib is mad? stronger than necessary for
the air forces experienced during a flight. The great strength in the trailing edge of the wings
is, however, advantageous for taking up the high tension in the wing coverings.

In case C the sand can not be used on tie wing, as the air forcos act parallel to ~o wing
chor~ A reproduction of the load in this case is accomplished in the use of a wood truss pro-
jecting approximately at right angles to the wing chord, from which sand boxes am suspended.
The lever of this truss is to be made of such length that in the testing of biplanes having truss
wiring the moments and frontal force can be reproduced as nearly as possible in accordance



Fig. 35.—Structure for wing tests.

Fig. 36.—W[ng test for Fok E V. Load cese A.

Fig. 37.—Wing test for Alb. D Va. Load case C.
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with the requirements. The axact reproduction of the front force can, preferably, be omitted.
The wing test on the Alb D Va, case C, (G= 935 kg.; G,, including the filled radiator in the
w%, weigm 145 kg.), is shown in Figure 37. With a load 2.32 times the required load and”

___

with a frontal force of 1,830 kg. and an average value of 2,400 kg.lm., for the tuxning moment,
..—

a failure occurred in which the upper wing was torn apart at the center, while in the lower
W@ warping resulted throughout.

—

The exact knowledge of the wing deflections in loading is of special importance and shouId
be compiled. The DWL employed, in the beghmhg, the method of notiug the deflections on
plates arranged at the side of the wing
and the photographing of a white line
painted on the edge of the wing, indi-
cating deflections under the diflerent
loadings (see fig. 35}. This metiod
had the disadvantage in that the im-
portant deflections of the spars were
insu.fliciently indicated. The “ Hz,
therefore, w+edtubes containing wooden
measuring rods connected in sticient
numbers to the spara and joints. In
this way the deflections were measured.
A number of successful readingg (figs.

Fred spar
—. . .? + I 1

Rear qnor
1

y

Cnn@efdy reefored ufler w-i-q
Scale afkngfh f:liM Leqfh I

defledim f._20 De*cfti -5

FIG. 8S.-Deflection d spnrs d F& E V fm c&seA with M 5 times tIM
required Imd.

-
- ——

38 tQ 41) wme obtained by ~ ~ethod. Unfortunately, these resuhs are usefuI only io
show elasticity and torsion of the wings, and are not to be used in checking strength calcu-

---

lations.
..”—

A deflection of the win.gg, though tiportant in consideration of strength, can be fatal to ,
the aerodpmical qualities. The BLV of 1918 required, therefore, that in the case of mono-
planes and biplanes without external trussing or with t.rusiing in one verfiical plane only, the
warping between the spars, measured at the wiw tire., should not be more than 5° as in
cas; A:orloO asincas= c.” hthe Fok EV(@. ~)

F-f qxzr
I !

— .

~ T ‘ ‘ ‘– ‘ ‘

Rear qoar
d f 1

~ -’ —

C&rrpf.eidy resfarex/ after c.dxdiq
tile of&qfh 1.7LM Len@% ‘1

. defledb? C20 Dei%ci&I’~

FIG.3u.-Dcfle&1onc#span of Fok E V fa @se B with hmd as _ the
requiredIo3d.

ikk for case A, the deflections occurred
as shown in F~ure 38Yresulting from
the application of the required 5-fold
load, whichjs equal to a sand load of
about 2,600 kg. The difference in the
deftectionsof the wing sparaasmeasured
at the wing tips averaged 8 mm. with
a spar len@ of 420 mm.; ibis would
cause a chord inclination of about 1°,
which would be permissible for case A;

Figy.re 39 shows the deflections
for the same I?ok E V test for case B,
with the required 3.5-fold load, which
equals a sand load of about 1,800 kg.

—

The defections of the spar increased, averaging 16 mm:, while the inclination of the cho~d
was about 2°. In case C the difference in spar deflection was not measured, but it can be
assumed that the chord inclination remained within the pe-]ble limits, as the wings did
not break until 116 per cant of the required 2.5-fold load had been reached.

An example of deflections in the biplane Han Cl V (G= 1,050 kg.; G., inclu~ the filled
gravity fuel tank =135 kg.) is given in i@re 40 with a load three times that of the required
load, case D, and in Figure 41 with 3.5 times the required load, case B. b both cases consider-
able elongation was observed in the lift wires. The spars were located 55o mm. apart. The
wmping of the spars in csse B amounted to 0.667° in the upper and to about 4.5° in the lower
Ring.
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The disagreement between results obtained by calculation and those obtained through
tests on the finished product has not as yet been accounted for. A method that will correct this
difficulty must be produced in future work.

.

As a matter of economy, it is imperative that extensive strength tests be discontinued
and that every effort be made to develop improved methods of analysis. Furth~more, wherever
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Fm. 41.-IMeotIon of spare of Han Cl V for ease D with load 8 t~mrs the
required lead.

for the final strength tast will not be correct on account

possible; the same wing shall bo used
for all load cases. In resorting to this
measure every precaution must be
taken to prevent a complete breaking
of the wings. This may be accoxn-
plished by placing blocks under the
wing spars in such a way as to prevent
excessive deflection or warping, which
might result in serious damage. The
more efficiently a device of this sort
is erected and operated during the
teat, the more easily the slightest
indication of a break can be detected.
By exercising care in use of this
method, all load cases can be tested
with one pair of wings, and rarely will
another wing have b be sacrificed,
There is an objection, however, to use
of the same wing in that tho rcmdb

of the wing having been subjoctod to
so many different loads, But, on the other hand, if a wing still r~tains i~ rwisting qualities
after these loadings, it is an indication that the wing is certainly not too weak.

The strength test on the complete wing does ngt indicate. with suilicient accuracy the
strength of theindividual parts. Ribs,
Spaxsafittings, and joints each roqu.ire
a special investigation, which can be
conducted either on machines or on
special devices. The import.ancOof
a test on the rib is especially recog-
nized. The best method is probably
that of placing the loads simultan-
eously upon several ribs, connected
together and braced against lateral
movements as accomplished in the
complete *. If a test is made
on a single rib, special attention
must be paid to lateral bracing.
The loading must be done carefully
and in accordance with aerodynamic
principks (see figs, 15 and 31). Fre-
quently this necessitates the use of
a systam of levers so designed and
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Fm. 41,—DeflWfonof spars of Han Cl V for onseB with load 3.5 times tho
required lmd.

assembled that the total load is subdivided and distributed in a manner similar to that
experienced in actual tlight. The rib test is also of special importance, as designs made
from strength calculations have been found too weak for use.
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(b) EMPENNAGE AND CONTROLS.

The strength test of the empennage does not involve speciaI difEculties. =The elevators
are usualIy tested to withstand pressure from above. Associated with this test is that for
the control mechanism. The latter test requirw speciaI attention, since flexibfity and friction
must be determined at the same time. With an equal load apphd to the elevator and the
control mechanism simultanemdy~ the difference in the forces gives the friction. The flexi-
bility of the control mechanism is measured by the deflection of the elevator with the stick
held rigidly. The tests on the empennage and the control mechmism have led to the correction
of many faults. Tests of the control mechaniam while in use are not considered necessary,

since an ample factor of safety is assured by the use of large pulleys and specialIy constructed
cabks with hemp or paper cores.

(c) TEE FLISH.,AGEL

In the early summer of 1914 the DVIL,for the benefit of the ~viation Corps, made compara-
tive tests on fuselages, using the strut and wire type made by the LTTG(Luftverkehrsmdlschaft)
and the monocoque type made by the Alba-
tros Co.

In the fusehige tests cunducted by the
Ii% the upper portion of the fuselage nem

the wing’ and the lower portion near the Iand-
ing gear were attached to a rigid support, and
both fin and ttiilplaie were fully loaded. The
attachments unfortunately often caused dif3-
cuIties which frequently resulted. in breaks.
Th~e teats re-reaIed that the cockpits and
connecting parte were of ample strength,
though this could not be verified by calculation.

In Figge 42 the fuselage test of the Ru
DI (G = 765 kg.) is ShO~. A simultaneous
loading of the elevator and rudder is employed,
a ~ertical force of about 345 kg. being applied
at the binge of the elevator and a horizontal
force of about 140 kg. at a distance of 49 cm..
above the eleyator hiwe. When a load eaual

“.

—

—

Fm. 4S.-Device for impact testing of tires.

to 176 per cent of th~ required load had-been reached, -tie fin separated from the fuselage .=
(d)= MD)XG GEAR

The testing of the hind@ gear was done with a device which imitakd the forces experienced
in landing (~~. 43). A box containing concrete and metal equaI to the totaI weight of the air-
plane, ~xcepting the landing gear, was placed on a steel frame. This frame was provided on
its underside with meam” for attaching the hind@ gear, and was hinged @ a rigid vertical
framework, thereby permitting it to be raised, by the aid of a block and tackle, to the desired
height. It was held in this position and released at the proper time by a suitable device (see

—-

*. III a). Two drums, carefullv journfded, each With a moment of inertia equal to 12.S
kg./m./sec2 were put in motion un~fl a circumferentisJ speed of about 30 Ian./h. was reached.
At this point the weight was released and the wheels of the lanhg gear, falling upon the drums,
were suddenly turned, bringing the tires and springs into the required action.

It has been shown in nearIy every t~t that the drums came to rest in about two or three
seconds. It is evident from MS that an average horizontal force of 60 kg. was acting on the
circumference of the wheels. Since the first impact with the drum is the most violent and
since the landing gear bounces dur@ the testt,a mnItiple of this value must be taken into

5a&&2&-21
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consideration when the test is started, and it must be assumed that tho magnitude of the force
C?(see fig. 33) is actually reached.

Toward the end of the war, this landing-gear ~pact detice often gave good seryico in ,. ..

testingtires of substitute materials, the use of which hail become necessary.
The convex rim of the drum does not, however, ”representthe surfnce of the ground correctly,

and as a result the landing-gear wheels are subjected to stresses which ~dfier somewhat from
the actual. If another device of this sort is constructed, the drums should be raised, so thah
the wheels of the landing gear can strike the inner cticumference of the drum rim.

The springs of the landing gear must-be tested separately on a machino for determining
their effect on the tires, axle, struts, and wires.

WI. CONCLUSIONS.

In the preceding chapters an account is given of. the origin of the views and fundamental
prmcipks underlying the construction of German airplanes. The rapid rise of the airplane
industry left many utiished steps which will be completed later.

The German Government no longer buys or usss airplam%, but restricts its participation
to the supervision of air traflic and the licensing of airplanes and crews. In the creation of now
methods and standards for strength, capacity, and ~uality, full freedom, which would servo m
an impetus, is not given to governmental institutio~. This need not, however, give cause for
alarm, since the high technical efficiency of airplane factories and the precautionary measures
of insurance companies will practically assure the qualifications of airplanes and crews for
service in commercial traffic. .

~going v~~ have for m~ny dwadm Iqen j~p@.ed under the supervision of tc-&nical

organizations, both during construction and regularly before sailing; and if requircmonts in

every particular are mety certificates are issued. l&rtince companies issue insurance only to

vessels having this -certification. Al the indications are that similar precautions will be taken

as regards airplanes, with due consideration for thti peculiarly complex requirements. The
DVL is compiling very excellent data, from the testing of German commercial ~irplmnes,which
they intend to publish at an opportune time in convenient lnmdbooks.

VIII.APPENDIX.

Extract from:
1. THE CONVERSIONFOR?WULASOF ALBERT BETZ.

.-

A. Betz, Influence of.tie span and the speofic s~ace 10~ OD air forcm of supp~rting

surfaces.. T.B. 1., page 98.
.

A. Betz, Calculation of the air forces acting on the cell of a biplane from the correspond-
ing values of monoplane supporting surfaces. T.B. 1., page 103.

SYMBOLS.

a = tingleof attack (measured in radifins).

e= ~ twgent of gliding angle. .—

.4 =Lift (kg.) .
F= Wing area (m.’). ‘
b= Spun (m.).
t= Wing chord (m.).
~= Camber (m.).
h= Gap (m.).
y-Stagger (m.).
B=Angle of stagger,

The data can be seen from figure 44. With the stagger ~ shown in figure 44, thg angle .
of stagger is to be t_aken,as~ositive for the upper wing and neawtive for the lower wing. With
an opposite stagger this is reversed.
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CO.NVEE910Fl OF TIZE FOBC= WITH WINGS OF DIFFEF2ENTSPAN

The subscripts 1 and 2 rehh M the wings of different span under consideration:

q= q+$
C’z=&l=q

(.Thelifting values of the finite supporting surfacw we nearly eqwd to the lifting value of
the iufinit+ly wide supporting surface, hence also equal to each other.)

wherein

‘=X-%?)
CONVEI2S1ON OF ~ FORCES OF MONOPJ.A?JE WINGS

TO THOSE OF BIPLANE3.

The subscripts o and u relate, respectively,
to upper and lower wings.

First the following ratios (always ttiken as
nositive) must be computed:

~ bo+bu -
,=T A2=~*

Afterwards for each of these quantities the
an

cmrespondmg values rl, WI nil
% and ‘“

h,
%f % ~~ are calculated from the equations:

r= J1 + (x Cosp)z
m=[r-lTcm6

I
I

i

+3 p-

Fm. 44.-Il1us!ration d Betz fsfmnla.

TABUZ L- Tabulatic-nJh’ changingj%m monoplane to biplane.
—
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S. EXPLANATION OF CALCULATIONS F(MZ WING SPARS.

(1) Calculation of a beam under axial and transverse loads, supported at two points and
subjected to a moment at the fixed”ends (acre.to M~ler-Breslau stutics of structures, Vol. ”II,
sec. 2, p. 286, a. f. and ace. to H. Reissner and E. Schwerin: The Strength Calculation of Air-
plane Spars, Annual Report of the WGL, Vol. IV, 1916, p. 10.)

In Figure 45 the following dimensions, angl~, fo~ces, and moments are given: .
..

8= cm. The length of ii spar.
MB

4 }

—

n’ ~~ ~~ Coordinates of a point.
r T

.
S’=kg. Longitudinal load:

I -9;
“s

g= kg./cm. Transveme load, uniformly dis-
1 tributed, Axial.

Frc%45.-Dfagram forspar oalouIatlon.

}
~, =kg./cI.u. Moments about flxedpoints.

r, Ti= Inclinations of tangents at supporting points. -
Also :

E= kg./cm.’ Modulus of elasticity of the buildi~ material.
1A cm.’ Momentiof surfaoe inertia of a.spar.

The moment acting on the point z, y is given by the ratios of equilibrium

(1)

and by the differential equation of the elastic curve

(2)

dZ7Mter introducing the length k= ~, and the angle a=; and after integration of the

combined ratios and the introdtiction of the li@ts for y = Ojz= o, on one hand, and y = O)z = 8,

on the other hand, the following ratio is obtained:

+

(3) Y==+ [( M4–gP) (00s ;–sin ; cot a)+(w-gw) *ma-+gk’–dfk: (M- MA)

+98-Z)]

(4)
%x=( M. – gk’) [Cos; –Sin; cot a] + (JA–gP) s-i+gk~ -

(7XThe diiTerentialquotients ~ and –$ on the points z = o and x=s give the inclination of

the tangent on the supports. ‘
T=”.itfd$“+ ME$’–g @ #tlr
/= MA$’+ MB~~’—g~ +rt’

The following condenssd forms .am used:

+1= g .. V’=(1–+ tan a

“’=(s+-l)



kport No. 144.

13RRATA SEEET.

Page 303-line 9, insert “kiaI” after ‘longitudinal load,”
line 11, omit “AxiaI.”
l.inw 18 and 24, “ratio” should be “relation.”

,,& *d dx,, C@
‘e 8‘rembottom’dy

——
dy should be” ~ and —~=dx

line 5 from bottom, “g@ should-be “gsz”.
line 3 from bottom, closing half of parenthesis should be inserted at end.

Page 309-line 3, “cot a“ should be “– cot a“.
lines 5 and 6, “- gkz’ should be “ +gk’”.
line 27, “only a generalized C1apepcm” should be “only ona generalized Clapeyron.”

Page 313, Table “G,” “– gli2° should be “ +gk’” throughout table.
wwl-ia
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The values u’, u“, and v’” are functions of the angle a, and are plotted in Figures 49 to 51.
It is seen that all three values become iniluite with cc= 180°. When-

(5)

equation 4 reaches a -urn or minimum

(6)

‘4%-’’=(’-’4+9)
Equation 6 can be used only when a value is obtained from 5 which is between z = o and

x =s. Otherwise 3$ is equal to the larger value of Xi and X,, with which it m~t be compared
in the use of equation 6.

In Figge 46 a continuous girder is shown, to which
the conclusions explained heretofore can be applied for
every portion. By the introduction of the condition:

(7) A8=r+r’
the generalized Clapeyron equation for determining
the moments about a fixed Roint is obtained:

Iv.n.z Mn., Mn Mn+,
A

s
I?n.2 ‘+ $n.,

s“ y
n

FIG. 46.-D@mm h w CdCTht!OI1.

(g) ~n-1 +“.+ M. (#;n +m#’.+~)+ ~.+1@’n+~ =AIJn +gn~n $’”. +gn+l ~n+I #“’u+I
In a beam with r supports, there are r– 1 bays.
For every two bays a generalized Clapeyron equation can be written; therefore as a total

of T– 2 equations.
On account of the structural requirements (e. g., hinged ends), the initial and &al moments

are defined so that r – 2 moments must be computed. This ispossible, since theie is the same num-
ber of Clapeyron rules and since the values AOcan be ob-

-.+, (9) *,n=8n+,-6,8=-*n_* “

tained from the following consideration. Fiie 47 shows
the deflection of the points of support. Since the angl~
are small, the follovnng geometrical equation applie9:

6“-, 8“ ——
8n+1 s.

+ 4 With a wing spar having thee supports, only a gen-
—s. ‘ s“+, - eraIized CIapeyron equation exists. Jf.-l is usually zero,

FIG.4F.–Dfagramfm span akdatkn. being flexibly attached. Jf,.l is often determined from
the overhang.

(lo) ~ = A~n +9. @n #’t’n +9.+1 @.+l $“’.+l — ~n+l #“n+l
n

(w. +?L’?J

(2) General investigation of the determinant of the denominator with wing spar supported
at three points (according to the standards of the Flugzeugmeisterei):

The calculation of the spars may be done with a load factor, p. It then remains to find
the value of the determinant of the denominator corrwponding to the wdue q.

$’,=:’ .’p +’q=## u’=

—.
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It follows that with an increasing load factor, the longitudinal loads increase in the ratio

d-
~ and the angles a in the ratio *~. The ~~um “f~ ~u~t be ~ec~culated for the ~~=ed ~a~ucs
P.
of a.

The determinant of the detemainator, (#’n+#’,+l) =0, can be converted to the equation: ,
1– a. cot a.~= ham Cot (tiJ — 1

in which

& 8n

C“GSZ-
—.

A.&
d

‘S. S.ti

=%; z x

For general values of C and h, dependent on a, a value of a can bo fdund for which the
detmminfit of the determinator becom-eszero.

(3) Exiimple: Upper spar of a biplane with two bays, the inner end being
outer end overhung (the results are taken from normal calculation given out
the Flz to airplane companies). (See fig. 48.)

/ (A) STRU~URAL DATA.

hinged and the
as standard by

(a) Spars: Material, pine; E=I 110,000 kg./cm?;
Mn.f Srl Mn

s“

Fm. M.—Dia.gamfor spm calculation.

lengths, s~=i!OO cm., ,S,+I: 260 cm., 8.+Z= 140 til.
Supporffng

points. Bsys.

Sect@w(cm.2) . . . ... . . . . . .. . . . . . . . . . . . 21 12
Mom@of inertia (Cul.q . . . . . . . . . . . . 111 77
Sfomefis of resistance (cm.’) . . . . . . . . 28 19

--

(h) Diagonal stays: Material, stwl cable;
E= 1,290,000 kg./cm.*; lengths, d.= 243 cm., d.+l = 320 k.; sectiops, Fdn= 0.1 cni?, -
Fdn+,= 0.07 cm.’

(c) Gap, h= 187 cm.; choid, t= 180 cm.

(B) LOADING (4.5 TIMES THE REQUIRED KIAD).

(a) spars: Longitudinal loads, S.= – 1,080 kg., i%,, = – 792 kg., S~,Z= O kg.; lateral
load, g==gn=gn+i=g.+2 = 1.405 kg./cm.

Begirming at a distance horn the tip of the wing equal to the chord, t.ho lateral load g
decreases to g/2 at the tip.

(b) Lift wires: Longitudinal loads, D== +1,443” kg., D.+, = +9sl kg.

(0) DETERMINATION OF ArSn

iin+l-’”=%i$&wo”cm.

-.

..-

– 8= 6. – 8b~ 5,076 3.J27-0.00573Ao, = 8“+1 –
8=+1 8~ 200 200
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(D) DETERMINATIONOF TEE TALUEB~, d~, v’” AND g, V’, #“.

311

~= P ~<)
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‘=(%+------,---------- ‘2%’
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(~,,=tan 4.2 1)———--------------......
a! 2
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(E) DETEEMINAITON OF ~p, AND ~fil.

Since the spar is flexibly supported, Jl,.l = O,the moment of the fixed point on the cnwr-
hmging end equals, for the assured direction of the load,

4 ~*(’+l%)=s,’70~ocmo
~u+l”=~ &

{F) DETERMINATION OF X,.

~i =A~n + 9. @n #J’”n + 9.+1 $.+l +“’..l – 31n~1 $“.+l
n

~i”n + *’n.J

Afi. = + 0.00573 #’n= 1.322x lo~
g. sn~+’” .= +0.11369 yY.fi =2.171X 10a

q.., s’,+, $“rnw = + 0.3350s
Y.- +“. = * 0.00000 Denominritor= 3.493x 104

Mn+lj“nti = –0.13s31

Numerator= +0.31619

~ =0.31619X 10’
‘n 3.493 =9047 Cm.kg.

(G) MIJJXUM VALUE OF BAY XOXENT ~~

I
Baytm ! Bay /.+l

————. . . —.— .——. .

+L 0534 ; .+3. 1396
I

z (cm.) I ns4 , 13LO0 =

, x,=A–

I ~; “’(’-*P”” ’49s i “’”.,
,.—.——

(Et]D?TESTIGATIONOF THE DETERMIXANTOF THE DE.XOMINATOn.

~=(w.+$’.+l)

Buy a,. Iky %*.

Lmd factors. I
1

am I #’ml@ %* I V.+NY I DxU.W

.,. .

..——

. . .
. .... .

.

.—

2.25 1.597 +0. 965
4.6

+~ ;;s
2.26

+L 334
+L 32

+2. 299
+2. 16

5.5 2.497 +L 637 2.774
+3. 43

6.5
+3. 259

L 716
+4 896

+2. 24 ! 3.017 ~: g3 +10. 65s
7. 5 2912 +3. 84 i 3. ~.J.fJ
7.75 ‘

–5. 97 i
2.966 : 29; –i 84

S.o
-L 03

3.013
:;g ~

–4. 15 +2. E t-
1 9.0 3.196 –H. 52 3:549

!15 s. 2s4 –4. 83 3.647i ‘;E t ‘2E
See Figure 52.

-..
.
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FIG. 52.-Curve showing determinant D cddenornlnetorin relethm ta
lwd faotm V.

4. MST OF ABBREVIATIONS USBD.

DVL=Deutsche Versuchsanstalt ffir Luftfahrt (Adler~h~f).
WGL= ‘Wssenzchaftliche Gdlschaft fiir Luftfrhrt (Berlin).

Flz = (Kth@Ijch Proussische) Flugzeugmeisterei.
ZIW =Zeitschrif t fiir Flugtechnik und Mo.torluf tschiffahrt.

ZdVDI =+?teitschiift des Vereius Deutscher Ingenieure.
TB =-Technische Berichte (der Flugzeugmeisterci).

BLV =Bw- und Llefervorschriften der Inspcktion dcr Flicgcrtruppen.
AeVA =Aerodyn~mische Versuchsanstalt, GOttingen, formerly Mode]lvrrsuchs

tmstalt fiir Aerodyrmmik.

.
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6. LIST OF ILLUSTRATIONS.

1. Air forces on airplane.
2. Lilienthrd’s polar diagram.
S. OoefEcients o’ and CEin relation to angle of attack a.
4. Coeflicienta CWand c. in relation to angIe of attack a.
5. Ooefiienta c. in relation ta angIe of attack a:
6. Distances of center of premre from Ieading edge for varioue l~d caeee in relation to angle of attack a. -

-.

7. Air force inclination h to chord in relation to angle-of attack a. -
8. Raolved normfd load Non epare.
9. Spar loade V and Hin relation to angIe of attack a.

IO. Four load caeea on winge.
11. had w A: Pulling out of“adive (or glide).
U. Load caae B: Glide.
1S. Load case C: Dive.
14. Lo&f case D: F1ying upside down.
15. Distribution of ivind forces along wing chord for Ioad cam A, B, 0, and D. Moment about Ieading edge.
16. Latmel dfetibution of wing forces.
17. Angles of stagger P and crossing angIe .ofcho.@ ~ of a biplane. _.
18. I&d caae A: PuIling out of dive.

.- .. -.=

19. Load caae B: In a glide. ●

20. Load ceswC: In a dive.
}

Relation between lade on upper and lower winge.
21. Load caee D: When flying upside down.
22. C@3icient k in relation tQangle of attack c.
23. Load caew on horizontal negative td pIane and elevator.

-.

24. Bendamann’s measuring device.
%. Tenaiometer diagram.
26. Teneiometer.
27._’Ikmsiometerattached to wire.
28. View of Alb B II.
29. Resolving of load C into two components.
30. Lead factom in rdation ta angle of attack a.
W. Lode for etrength calculation of ribs.
s2, Factor c in relation to the total weight G of the airplane. -
33. Loads on landing gear.
34. Teat of epar.
35. Structure for wing tds.
96. Wii teet for Fok E V; load caae A.
s7. Wing teet for Mb D Va; Ioad caae C.
38. Defktion of spare of Fok E V for caee A, with load 5 tinw the required Ioad.
39. Deflection of epara of Fok E V for case B, with load %5 times the required load.
40. De&ction of spare of Han 01 V for cme D, with load 3 timee the mquird Ioad.
41. Deflection of spar of Han 01 V for cme B, with load 3.5 times the required load.
42. Fuselage test for Ru D I.
43. Device for impact testing of tirw.
44. Illustration of Betz formula.
46.
46.

1

Diagrame for epar calculation.
47.
48.
49.
60.

}
u Cnrvm.

51.
62. Curve showing determ”mantD of denominator in relation to load factor V.
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